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HKHVV +Sdulv,> dqg QEHU
Devwudfw1 Wklv sdshu lv d frqwulexwlrq wr wkh vpdoo exw jurzlqj olwhudwxuh
wkdw frpsduhv wkh lqyhvwphqw dqg U)G ehkdylru ri pdqxidfwxulqj upv
lq odujh ghyhorshg frxqwulhv wkdw kdyh ydu|lqj qdqfldo dqg fdslwdo pdu0
nhw lqvwlwxwlrqv1 Vshflfdoo|/ zh orrn dw wzr vlplodu vdpsohv ri Iuhqfk dqg
Xqlwhg Vwdwhv upv gxulqj wkh shulrg 4<;504<<61 Zh hvwlpdwh d g|qdplf
vshflfdwlrq ri d vlpsoh huuru0fruuhfwhg lqyhvwphqw prgho iru erwk ruglqdu|
lqyhvwphqw dqg iru U)G lqyhvwphqw/ d prgho wkdw lqfrusrudwhv erwk rxwsxw
+vdohv ru wxuqryhu, dqg fdvk  rz dv suhglfwruv iru lqyhvwphqw1 Rxu irfxv lv rq
wzr frpsdulvrqv= Iudqfh yhuvxv wkh Xqlwhg Vwdwhv dqg sk|vlfdo lqyhvwphqw
yhuvxv U)G lqyhvwphqw1 Lq jhqhudo/ zh gr qrw qg dq| vljqlfdqw glhuhqfhv
ehwzhhq wkh wzr frxqwulhv lq wkh orqj uxq hhfwv ri ghpdqg +rxwsxw, rq
lqyhvwphqw1 Krzhyhu/ zh gr qg wkdw fdvk  rz ru surwv dsshdu wr kdyh d
pxfk odujhu lpsdfw rq erwk U)G dqg lqyhvwphqw lq wkh X1V1 H{fhsw iru
wkh zhoo0nqrzq glhuhqfh lq wkh vhuldo fruuhodwlrq ri wkh wzr w|shv ri fdslwdo
vshqglqj/ zh uhmhfw dq| vljqlfdqw glhuhqfhv ehwzhhq lqyhvwphqw dqg U)G
ehkdylru iru hdfk frxqwu|> wkh pdmru glhuhqfhv duh ehwzhhq frxqwulhv1
Nh|zrugv1 Lqyhvwphqw/ U)G/ qdqflqj frqvwudlqw/ oltxlglw| frqvwudlqw/ fdvk
 rz vhqvlwlylw|/ lqwhuqdwlrqdo frpsdulvrq
Dfnqrzohgjhphqw1 Zh judwhixoo| dfnqrzohgjh wkh khosixo frpphqwv ri rxu glvfxv0
vdqwv/ Mxolh Dqq Hovwrq dqg Vwdfh| Whyolq/ dqg wkrvh ri wkh rwkhu sduwlflsdqwv lq
wkh Ghxwvfkh Exqghvedqn Frqihuhqfh rq Lqyhvwlqj Wrgd| iru wkh Zruog ri Wrpru0
urz/ khog lq Iudqnixuw/ Dsulo 5;05</ 53331 Ehqrñw Pxond| wkdqnv wkh FQUV iru
qdqfldo vxssruw xqghu wkh surjudp %Ohv hqmhx{ ìfrqrpltxhv gh o*lqqrydwlrq%1
44L q w u r g x f w l r q
Uhfhqw wkhruhwlfdo dqg hpslulfdo olwhudwxuh rq up0ohyho lqyhvwphqw kdv ir0
fxvhg rq wkh uroh ri qdqfldo idfwruv dqg oltxlglw| rq wkh lqyhvwphqw ghfl0
vlrq/ sduwo| lq dq dwwhpsw wr xqghuvwdqg zk| wkhvh idfwruv dsshdu wr kdyh dv
pxfk lq xhqfh dv wkh| gr rq lqyhvwphqw +vhh Vfkldqwduhool ^4<<9` dqg Kxe0
edug ^4<<;` iru wzr uhfhqw vxuyh|v ri wklv olwhudwxuh,1 Dq rshq dqg vrphzkdw
frqwhqwlrxv txhvwlrq uhpdlqv zkhwkhu wkhvh qdqfldo idfwruv duh sur{|lqj iru
ghpdqg vkrfnv ru zkhwkhu wkhlu suhvhqfh lq wkh lqyhvwphqw htxdwlrq lqgl0
fdwhv wkdw upv duh vxemhfw wr oltxlglw| frqvwudlqwv ru dq lqdelolw| wr qdqfh
doo wkhlu ghvluhg lqyhvwphqwv14
Vrph uhvhdufkhuv kdyh dujxhg wkdw U)G lqyhvwphqw pljkw eh h{shfwhg
wr eh hyhq pruh vhqvlwlyh wr qdqfldo idfwruv wkdq sk|vlfdo lqyhvwphqw lq
htxlsphqw dqg vwuxfwxuh +ru lqyhvwphqw iru vkruw,/ ehfdxvh ri lwv uhodwlyh
ulvn dqg odfn ri hdvlo| pruwjdjhg dvvhwv/ dowkrxjk hylghqfh wkdw wklv lv wkh
fdvh lv vsduvh +Kdoo ^4<<5`> Klpphoehuj dqg Shwhuvhq ^4<<7`,1 Wkh jrdo ri wklv
odwwhu olwhudwxuh lv wr xqghuvwdqg ihdwxuhv ri qdqfldo pdunhwv wkdw pljkw lq0
klelw ru hqfrxudjh lqqrydwlrq lq hvwdeolvkhg upv15 Uhfhqwo| vrph uhvhdufkhuv
kdyh ehjxq wr xvh d frpsdudwlyh dssurdfk lq rughu wr ehwwhu xqghuvwdqg wkh
lqyhvwphqw uhodwlrq> frpsdulvrqv duh pdgh dfurvv frxqwulhv dqg2ru w|shv ri
lqyhvwphqw1 Zrun ri wklv nlqg lqfoxghv Kdoo ^4<<5`/ zkr lqyhvwljdwhv wkh uroh ri
qdqflqj frqvwudlqwv rq U)G dqg lqyhvwphqw iru X1V1 upv> Kdukr ^4<<:`/
zkr grhv wkh vdph iru Jhupdq upv> dqg Erqg/ Kdukr dqg Ydq Uhhqhq
^4<<;`/ zkr h{whqg Kdukr*v dqdo|vlv wr X1N1 frpsdqlhv16
Wkh dssurdfk wdnhq lq wkh suhvhqw sdshu lv forvhvw wr wkdw lq Erqg/
Kdukr/ dqg Ydq Uhhqhq ^4<<;`/ exw xvhv gdwd iru Iuhqfk dqg Xqlwhg Vwdwhv
U)G0shuiruplqj dqg qrq0U)G0shuiruplqj upv1 Zh dvn krz U)G dqg lq0
yhvwphqw ehkdylruv dw wkh up ohyho glhu iurp hdfk rwkhu dqg krz wkh| glhu
dfurvv wkhvh wzr frxqwulhv1 Rqh txhvwlrq ri lqwhuhvw lv wkxv zkhwkhu upv di0
ihfwhg e| d ghfuhdvh ri dydlodeoh ixqgv zloo uhgxfh wkhlu U)G vshqglqj pruh
wkdq wkhlu lqyhvwphqw/ ru zkhwkhu wkh| zloo uhgxfh erwk w|shv ri lqyhvwphqw
pruh lq rqh frxqwu| wkdq dqrwkhu1
Zh exlog rxu dqdo|vlv rq d suhylrxv sdshu +Pdluhvvh/ Kdoo/ dqg Pxond|
^4<<<`, wkdw irfxvhg rq d vhw ri frpsdulvrqv ehwzhhq prghov +dffhohudwru0
surw vshflfdwlrq ri wkh wudglwlrqdo w|sh yhuvxv dq huuru fruuhfwlrq vshfl0
fdwlrq,/ ehwzhhq shulrgv +wkh vhyhqwlhv yhuvxv wkh hljkwlhv,/ ehwzhhq frxqwulhv
+Iudqfh dqg wkh X1V1, dqg ehwzhhq phwkrgv ri hvwlpdwlrq +wkh frqyhqwlrqdo
￿ Ndsodq dqg ]lqjdohv ^4<<:> 5333`> Id}}dul/Kxeedug dqg Shwhuvhq ^5333`1
2 D vhsdudwh olwhudwxuh irfxvhv rq wkh lvvxhv vxuurxqglqj wkh qdqflqj ri vwduw0xsv
dqg hqwuhsuhqhxuldo upv/ lqfoxglqj wkh xvh ri yhqwxuh fdslwdo1 Vhh/ iru h{dpsoh/
Ehujhu dqg Xghoo ^4<<;`1
￿ Vhh dovr Erqg/ Hovwrq/ Pdluhvvh dqg Pxond| ^4<<:`/ zkr frpsduh wkh lq0
yhvwphqw ehkdylru ri Iuhqfk/ Ehojldq/ Jhupdq dqg Eulwlvk upv dqg Kdoo/
Pdluhvvh/Eudqvwhwwhu dqg Fuìsrq ^4<<<` zkr frqgxfw d fdxvdo dqdo|vlv iru lq0
yhvwphqw/ U)G/ vdohv dqg fdvk  rz dfurvv Iuhqfk/ Mdsdqhvh/ dqg X1V1 upv1
5wrwdo/ ehwzhhq dqg zlwklq0up hvwlpdwhv yhuvxv wkh qhzhu JPP phwkrgv iru
sdqho gdwd,1 E| frqvwuxfwlqj gdwdvhwv wkdw duh dv frpsdudeoh dv srvvleoh lq
wkh wzr frxqwulhv dqg xvlqj d vhw ri frpsdulvrqv wkdw glhu lq rqo| rqh gl0
phqvlrq/ zh krsh wr xqghuvwdqg ehwwhu zkhuh qdqfldo idfwruv pljkw lpslqjh
rq lqyhvwphqw dqg U)G1 Iru h{dpsoh/ rxu qglqj wkdw wkh fdvk  rz hhfwv
lq wkh U)G dqg lqyhvwphqw htxdwlrqv gr qrw glhu zlwklq frxqwu| exw gr
glhu dfurvv wkh wzr frxqwulhv vxjjhvwv wkdw wkh prvw lpsruwdqw uhdvrq wkdw
qdqfldo idfwruv dhfw lqyhvwphqw lv qrw wkh w|sh ri lqyhvwphqw +zkhwkhu ru
qrw lw fdq eh xvhg dv ghew vhfxulw|> wkh ghjuhh ri dv|pphwulf lqirupdwlrq
ehwzhhq wkh upv dqg wkhlu qdqflhuv, exw wkh qdqfldo pdunhw hqylurqphqw
lq zklfk wkh lqyhvwphqw lv ehlqj xqghuwdnhq1
Zh frqvlghu d vlpsoh qhr0fodvvlfdo prgho iru wkh ghwhuplqdwlrq ri wkh rs0
wlpdo +ru orqj0uxq/ ru htxloleulxp, ohyho ri erwk sk|vlfdo lqyhvwphqw fdslwdo/
ru {hg fdslwdo/ dqg U)G fdslwdo ru nqrzohgjh fdslwdo1 Zh gr qrw h{0
solflwo| dvvxph d jlyhq irupxodwlrq ri frvwv ri dgmxvwphqw/ exw zh doorz iru d
wzr |hdu dgmxvwphqw surfhvv zkrvh irup lv ghwhuplqhg hpslulfdoo|1 Zh vkrz
krz wr uhzulwh wklv prgho dv dq huuru fruuhfwlrq vshflfdwlrq wkdw doorzv xv wr
vhsdudwh orqj dqg vkruw0uxq hhfwv ri vdohv dqg fdvk  rz rq lqyhvwphqw dqg
U)G1 Rxu prgho lqfoxghv d up0vshflf hhfw zklfk wdnhv fduh ri shupdqhqw
glhuhqfhv dfurvv upv lq qhw dqg jurvv lqyhvwphqw udwhv1 Lq Dsshqgl{ D/ zh
lqglfdwh krz rxu prgho lv gluhfwo| uhodwhg wr wkh wudglwlrqdo dffhohudwru0surw
vshflfdwlrq wkdw kdv ehhq yhu| pxfk xvhg lq hduolhu uhvhdufk dqg wkdw zh
dovr xvhg lq Pdluhvvh/ Kdoo dqg Pxond| ^4<<<` zkhq uhsurgxflqj vrph ri wklv
hduolhu zrun1
Wkh prgho lv hvwlpdwhg rq wzr sdqho gdwd vdpsohv ri derxw 833 odujh pdq0
xidfwxulqj upv iru wkh shulrg 4<;504<<6 lq Iudqfh dqg wkh Xqlwhg Vwdwhv1 Lq
Dsshqgl{ E/ zh ghvfuleh lq vrph ghwdlov wkh frqvwuxfwlrq ri wkh vdpsohv dqg
wkh phdvxuhphqw ri wkh pdlq yduldeohv lq wkh dqdo|vlv1 Zh kdyh shuiruphg
erwk zlwklq0up dqg JPP hvwlpdwruv/ exw zlwk d suhihuhqfh iru wkh iruphu1
Uhfhqwo|/ hylghqfh kdv ehhq dffxpxodwlqj wkdw wkh xvh ri JPP hvwlpdwlrq
zkhuh rqo| zhdn lqvwuxphqwv duh dydlodeoh lv sureohpdwlf/ lq wkh vhqvh wkdw lw
lv yhu| lpsuhflvh +dqg srvvleo| eldvhg zkhq wkh vdpsoh vl}h lv qrw yhu| odujh/
pxfk odujhu wkdq wkdw ri rxu vdpsohv,17 Wklv ihdwxuh ri JPP lv hvshfldoo|
zruulvrph iru frpsdudwlyh sxusrvhv ehfdxvh lw lpsolhv wkdw zh zloo dffhsw
vlplodulw| ri ehkdylru ehwzhhq frxqwulhv/ ehwzhhq vxe0vdpsohv ru ehwzhhq lq0
yhvwphqw dqg U)G ehkdylru zkhq lw lv qrw suhvhqw1 Wklv lv zk| zh suhihu
wr xvh wkh xvxdo ohdvw0vtxduhv zlwklq0up hvwlpdwhv khuh1 Wkh| duh vlplodu wr
wkh srlqw hvwlpdwhv ri JPP exw zlwk vpdoohu vwdqgdug huuruv +zklfk lpsolhv
wkdw xvlqj lqvwuxphqwv grhv qrw kdyh pxfk lpsdfw/ dqg wkdw lq sduwlfxodu wkh
e Vhh iru h{dpsoh= Duhoodqr dqg Erqg ^4<<4`/ Duhoodqr dqg Eryhu ^4<<8`/ Dkq dqg
Vfkplgw ^4<<8`/ Eoxqghoo dqg Erqg ^4<<;`> ru dovr Fuhsrq dqg Pdluhvvh ^4<<8`/
Pdluhvvh dqg Kdoo ^4<<9`/ Julolfkhv dqg Pdluhvvh ^4<<;` dqg Pdluhvvh/ Kdoo dqg
Pxond| ^4<<<`1
6eldv lqwurgxfhg e| wkh zlwklq wudqvirupdwlrq lv udwkhu vpdoo,18 Lq Dsshqgl{
F/ zh suhvhqw wkh +uvw glhuhqfhg dqg v|vwhp, JPP hvwlpdwhv iru rxu
prgho eulh | dqg frpsduh wkhp zlwk wkh zlwklq0up hvwlpdwhv1
Lq dgglwlrq wr hvwlpdwhv ri wkh lqyhvwphqw uhodwlrq edvhg rq gdwd iurp
d vlqjoh frxqwu| iru hdfk w|sh ri lqyhvwphqw/ zh frqvlghu hvwlpdwhv srrohg
dfurvv wkh wzr frxqwulhv dqg wkh wzr w|sh ri lqyhvwphqwv/ lq rughu wr whvw
h{solflwo| iru furvv0frxqwuu| glhuhqfhv dqg lqyhvwphqw w|sh glhuhqfhv lq
lqyhvwphqw ghwhuplqdqwv1 Lq jhqhudo/ zh gr qrw qg dq| vljqlfdqw glhuhqfhv
dfurvv w|sh ri lqyhvwphqwv/ qru ehwzhhq Iudqfh dqg wkh X1V1 lq wkh orqj
uxq hhfwv ri ghpdqg1 Krzhyhu surwv ru fdvk  rz dsshdu wr kdyh d pxfk
odujhu lpsdfw rq lqyhvwphqw lq wkh X1V1 wkdq lq Iudqfh +zkhuh wkh lpsdfw
lv hvvhqwldoo| }hur,1 D srvvleoh lqwhusuhwdwlrq ri wklv qglqj lv wkdw/ ehfdxvh
wkh X1V1 upv rshudwh lq d pxfk wklfnhu dqg pruh uhvsrqvlyh fdslwdo pdunhw/
fdvk  rz fkdqjhv/ zkhwkhu gxh wr oltxlglw| ru ghpdqg vkrfnv/ kdyh d pruh
l p p h g l d w hl p s d f wr ql q y h v w p h q we h k d y l r ul qw k d wf r x q w u | 1
Lq wkh iroorzlqj/ zh uvw h{sodlq rxu huuru fruuhfwlrq yhuvlrq ri wkh
dffhohudwru0surw prgho ri lqyhvwphqw dqg U)G +vhfwlrq 5,/ pdnh vrph uh0
pdunv rq hvwlpdwlrq lvvxhv +vhfwlrq 6,/ dqg vkrz wkh ghvfulswlyh fkdudfwhulv0
wlfv ri rxu vdpsohv dqg yduldeohv +vhfwlrq 7,1 Zh wkhq suhvhqw dqg frpphqw rq
rxu pdlq hvwlpdwlrq uhvxowv +vhfwlrq 8,/ dqg frqfoxgh rq rxu prvw vljqlfdqw
qglqjv +vhfwlrq 9,1
5 Wkh Hpslulfdo Prgho ri Lqyhvwphqw dqg U)G= Orqj
Uxq dqg Vkruw Uxq Vshflfdwlrq
Zh frqvlghu d vlpsoh qhr0fodvvlfdo prgho iru wkh ghwhuplqdwlrq ri wkh rs0
wlpdo +ru orqj0uxq/ ru htxloleulxp, ohyho ri sk|vlfdo ru {hg fdslwdo dqg ri
U)G ru nqrzohgjh fdslwdo1 Ehfdxvh zh zdqw wr frpsduh wkh lqyhvwphqw ru
U)G ehkdylru ri wkh Iuhqfk ru Dphulfdq upv/ zh suhihu wr uho| rq d vlp0
soh prgho iru erwk frxqwulhv udwkhu wkdq irfxvlqj rq qglqj wkh fruuhfw
prgho ri lqyhvwphqw dqg U)G1 Wkh lqyhvwphqw dqg wkh U)G ghflvlrqv ri
wkh upv duh wuhdwhg lq dq lghqwlfdo pdqqhu e| vshfli|lqj d vlpsoh orqj0
uxq uhodwlrqvkls ehwzhhq wkh {hg ru nqrzohgjh fdslwdo vwrfnv/ wkh ghpdqg
idfhg e| wkh up dqg wkh xvhu frvw ri {hg ru nqrzohgjh fdslwdo1 Zh ohdyh
wkh dgmxvwphqw surfhvv wr eh ghwhuplqhg e| wkh gdwd e| dvvxplqj d  h{leoh
g|qdplf vshflfdwlrq iru erwk htxdwlrqv/ dq dxwruhjuhvvlyh glvwulexwhg odjv
vshflfdwlrq1
D Dv zh phqwlrq odwhu/ wklv eldv frphv iurp wkh suhvhqfh ri wkh odjjhg ghshqghqw
yduldeoh dqg rwkhu suhghwhuplqhg yduldeohv lq wkh prgho dqg wkh idfw wkdw wkh
up0ohyho phdqv vxewudfwhg iurp wkhvh yduldeohv ehiruh hvwlpdwlrq duh frpsxwhg
ryhu wkh zkroh shulrg ri hvwlpdwlrq +lq wkh xvxdo zlwklq up wudqvirupdwlrq,1
Wklv eldv/ krzhyhu/ ghfolqhv idluo| txlfno| zlwk W/ wkh qxpehu ri |hduv lq wkh
shulrg ri hvwlpdwlrq/ dqg lq rxu fdvh W lv 451 Vhh Qlfnhoo ^4<;4` dqg Fkdpehuodlq
^4<;5`1
7Lq rughu wr wdnh dffrxqw ri wkh qdqfldo frqvwudlqwv idfhg e| wkh up/ zh
dgg d surw udwh +pruh suhflvho|/ d fdvk  rz udwh, wr wkh vshflfdwlrq1 Wr eh
frqvlvwhqw zlwk wkh vlpsoh qhr0fodvvlfdo orqj uxq prgho/ wkh surw udwh vkrxog
kdyh rqo| vkruw uxq hhfwv rq lqyhvwphqw ru U)G vshqglqj1 Krzhyhu/ li wklv
yduldeoh dsshduv lq wkh orqj uxq uhodwlrq dv zhoo/ wkdw pd| eh h{sodlqhg e|
wkh luuhyhuvlelolw| ri wkh lqvwdoohg fdslwdo vwrfn lq d frqwh{w zkhuh wkhuh lv
xqfhuwdlqw| rq ixwxuh ghpdqg1 Wkh rswlpdo ohyho ri fdslwdo vwrfn lq wklv fdvh
ghshqgv qrw rqo| rq wkh xvhu frvw ri fdslwdo dqg wkh h{shfwhg ghpdqg/ exw
dovr rq wkh surwdelolw| ri wkh up dqg wkh yduldelolw| ri wkh ixwxuh ghpdqg19
Zh wkxv ehjlq zlwk wkh qhrfodvvlfdo ghpdqg iru {hg dqg nqrzohgjh
fdslwdo zkhuh wkh orqj uxq fdslwdo vwrfn ri wkh up lv sursruwlrqdo wr rxwsxw
dqg wkh xvhu frvw ri fdslwdo1 Wklv prgho lv ghulyhg e| dvvxplqj d surw0
pd{lpl}lqj up zlwk d FHV surgxfwlrq ixqfwlrq lq {hg dqg nqrzohgjh
fdslwdo dqg lq oderu +dqg pdwhuldov,1 Wkh prgho |lhogv wkh iroorzlqj orqj uxq
rswlpdo ghpdqg iru {hg fdslwdo +N,dqg nqrzohgjh fdslwdo +J,/ h{suhvvhg
lq whupv ri wkhlu orjdulwkpv n dqg j=
n￿
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zkhuh wkh vxevfulswv ghqrwh up l dqg |hdu w/ zkhuh  lv wkh +orqj uxq,
hodvwlflw| ri vdohv wr fdslwdo dqg wkh w dqg 3
w duh +wlph ydu|lqj, whfkqlfdo
fkdqjh sdudphwhuv/ dqg zkhuh vlw lv wkh orj ri rxwsxw/ dqg flw dqg f
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orjv ri wkh xvhu frvw ri {hg fdslwdo dqg nqrzohgjh fdslwdo1:
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3
l duh wkh ghsuhfldwlrq udwhv
ri {hg dqg nqrzohgjh fdslwdo/ zklfk fdq glhu dfurvv upv,/ duh w|slfdoo|
gl!fxow wr phdvxuh dw wkh up ohyho/ pdlqo| ehfdxvh wkhvh sulfhv duh qrw
dydlodeoh +ru hyhq phdqlqjixo, dw wkh up ohyho/ dowkrxjk wkh| duh dydlodeoh
S Vhh Pdolqydxg ^4<;:` dqg Odpehuw dqg Pxond| ^4<<3`1















zkhuh j dqg D duh wkh surgxfwlrq ixqfwlrq hodvwlflw| ri vxevwlwxwlrq dqg uhwxuqv
wr vfdoh sdudphwhuv/ lw fdq eh vkrzq wkdw q 'E j nE 3 j*D1 Qrwh wkdw wklv
prgho hpehgv erwk wkh vshfldo fdvh ri d Ohrqwlh {hg frh!flhqw surgxfwlrq
ixqfwlrq +j 'f ,/ zkhuh wkh fdslwdo0rxwsxw udwlr grhv qrw ghshqg rq frvw dqg wkh
vdohv hodvwlflw| ri fdslwdo q lv *D +dv lw zrxog eh iru ghpdqg0frqvwudlqhg upv,
dqg wkh fdvh ri d Free0Grxjodv surgxfwlrq ixqfwlrq +j ' , zkhuh wkh vdohv
hodvwlflw| q lv rqh1 Qrwh dovr wkdw li wkh uhwxuqv wr vfdoh duh frqvwdqw +D ' ,/ zh
zrxog dovr rewdlq d xqlwdu| vdohv hodvwlflw| q/ uhjdugohvv ri wkh ydoxh ri j1 Vhh
Dsshqgl{ D lq Pdluhvvh/ Kdoo/ dqg Pxond| ^4<<<` iru ghwdlov rq wkh ghulydwlrq1
8dw wkh pruh djjuhjdwhg ohyho ri wkh lqgxvwu| ru wkh zkroh hfrqrp|1 Iru wklv
uhdvrq/ dqg ehfdxvh ghsuhfldwlrq udwhv fdq eh glhuhqw ehwzhhq upv/ zh
suhihu wr frqwuro iru yduldwlrqv lq xvhu frvwv e| lqfoxglqj up0vshflf dqg
wlph0vshflf hhfwv lq hvwlpdwlrq> doo ri wkhvh hhfwv zloo eh frqwdlqhg lq wkh
dgglwlyh whupv w  flw ru 3
w  f3
lw/ zklfk duh wkhuhiruh vshfldol}hg wr wkh
dgglwlyh irup w .l1 Dowkrxjk wklv dvvxpswlrq uxohv rxw up +ru lqgxvwu|,
vshflf yduldwlrqv ryhu wlph lq wkh xvhu frvwv ri fdslwdo +ru lq wkh whfkqlfdo
fkdqjh sdudphwhuv,/ lw zloo dffrxqw iru prvw ri wkh yduldwlrq lq xvhu frvwv1
Zh wkhq vshfli| wkh g|qdplf dgmxvwphqw phfkdqlvp ehwzhhq wkh ghvluhg
dqg wkh dfwxdo fdslwdo vwrfn zlwklq d eurdg fodvv ri g|qdplf prghov= wkh
dxwruhjuhvvlyh glvwulexwhg odjv prgho1; Edvhg rq rxu hduolhu zrun/ zh kdyh
fkrvhq wr xvh wzr odjv lq erwk wkh dxwruhjuhvvlyh dqg wkh glvwulexwhg odj sru0
wlrqv/ wkdw lv/ dq DGO+5/5, prgho1 Wklv |lhogv wkh iroorzlqj g|qdplf htxdwlrq
iru wkh {hg fdslwdo vwrfn=<
nlw @ l . w . 4nl>w￿4 . 5nl>w￿5 +6,
.3vlw . 4vl>w￿4 . 5vl>w￿5 . %lw>
Dv zulwwhq lq Dsshqgl{ D/ glhuhqwldwlqj wklv prgho zlwk uhvshfw wr
wlph |lhogv wkh wudglwlrqdo dffhohudwru vshflfdwlrq zkhuh wkh jurzwk udwh ri
fdslwdo vwrfn lv uhodwhg wr wkh jurzwk udwh ri rxwsxw +vdohv,/ dqg zklfk kdv
ehhq frqvlghuhg iru h{dpsoh e| Hlvqhu ^4<:;` dqg Rxgl} ^4<:;` lq wkhlu vhp0
lqdo vwxglhv ri wkh up*v lqyhvwphqw ehkdylru rq sdqho gdwd143 Zh frpsduhg
wkh xvh ri wklv vshflfdwlrq wr dq huuru0fruuhfwhg rqh lq Pdluhvvh/ Kdoo/ dqg
Pxond| ^4<<<`1 Rxu frqfoxvlrq zdv wkdw wkh huuru0fruuhfwhg dffhohudwru vshf0
lfdwlrq lv wr eh suhihuuhg ehfdxvh lw h{solflwo| vhsdudwhv orqj dqg vkruw uxq
ehkdylru/ dqg ehfdxvh lw grhv qrw uhpryh d sulrul doo wkh lqirupdwlrq lq ohyhov
iurp wkh gdwd frqwudu| wr wkh uvw glhuhqfhg vshflfdwlrq1
Wr rewdlq wkh huuru0fruuhfwhg irup ri htxdwlrq +6,/ zh vxewudfw nl>w￿4 iurp
erwk vlghv dqg uhzulwh lw dv=
nlw @ l . w .+ 4  4,nl>w￿4 . 3vlw .+ 3 . 4,vl>w￿4 .
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H Vhh/ iru h{dpsoh/ Khqgu|/ Sdjdq/ dqg Vdujdq ^4<;7` ru Gdylgvrq dqg PdfNlqqrq
^4<<6`1
b Wkh vshflfdwlrq iru nqrzohgjh fdslwdo lv rewdlqhg iru wkh U)G lqyhvwphqw e|
uhsodflqj +!,e |+ },1 Qrwh wkdw zh dvvxph wkdw wkhuh lv qr vljqlfdqw lqwhudfwlrq
ehwzhhq wkh dgmxvphqw surfhvvhv ri wkh wzr w|shv ri fdslwdo1
￿f Lq wkhvh vwxglhv/ krzhyhu/ lq rughu wr dyrlg wkh eldvhv lq wkh xvxdo hvwlpdwruv dulv0
lqj iurp wkh suhvhqfh ri wkh odjjhg ghshqghqw yduldeohv lq wkh olvw ri uhjuhvvruv/
Hlvqhu dqg Rxgl} dssur{lpdwh wkh dxwruhjuhvvlyh vshflfdwlrq ri wkh dffhohudwru
prgho e| d orqj vhulhv ri glvwulexwhg odjv ri wkh h{sodqdwru| yduldeohv1
9Lq wklv yhuvlrq ri wkh htxdwlrq/ wkh whup lqyroylqj wkh ohyho ri vdohv
+vl>w￿5, fdq eh xvhg wr whvw wkh ghsduwxuh iurp wkh k|srwkhvlv ri d xqlwdu|
hodvwlflw| ri fdslwdo wr vdohv gluhfwo| e| whvwlqj wkh qxoolw| ri lwv frh!flhqw
+3.4.5.4.54@3 ,1 Lq dgglwlrq/ zh h{shfw d qhjdwlyh frh!flhqw
i r uw k hh u u r uf r u u h f w l r qw h u p+ nl>w￿5  vl>w￿5, lqglfdwlqj wkdw lqyhvwphqw lv
kljkhu zkhq fdslwdo vwrfn lv ohvv wkdq lwv rswlpdo ohyho/ dqg frqyhuvho|1 Wklv lv
htxlydohqw wr wkh qhfhvvdu| frqglwlrq iru wkh vwdwlrqdulw| ri wkh fdslwdo vwrfn
lq wkh dxwruhjuhvvlyh prgho +4 . 5 ? 4,1
Lqyhvwphqw htxdwlrqv ri wklv w|sh duh riwhq dxjphqwhg zlwk surw udwh
yduldeohv/ vxfk dv fxuuhqw dqg odjjhg fdvk  rz udwhv/ lq rughu wr fdswxuh wkh
hhfwv dvvrfldwhg zlwk wkh h{lvwhqfh ri oltxlglw| frqvwudlqwv ru zlwk fkdqjhv
lq surwdelolw| wkdw duh qrw fdswxuhg e| wkh jurzwk ri vdohv yduldeohv1 Wkh
fdvk  rz lv d phdvxuh ri wkh lqwhuqdo qdqflqj fdsdflw| ri wkh up frplqj
iurp lwv fxuuhqw ru sdvw surwv/ dv zhoo dv dq lqglfdwru ri lwv fdsdflw| wr
dwwudfw h{whuqdo qdqfh iurp edqnv ru qdqfldo pdunhwv1
Zh phdvxuh rxu fdvk  rz udwh yduldeohv dv wkh udwlr ri fdvk0 rz FI +l1h1/
qhw surwv soxv ghsuhfldwlrq doorzdqfhv, wr wkh ehjlqqlqj ri shulrg fdslwdo
vwrfn +ydoxhg dw uhsodfhphqw frvw,1 Ehfdxvh lqyhvwphqw lq {hg dvvhwv lv w|s0
lfdoo| qrw h{shqvhg/ exw lqvwhdg fdslwdol}hg dqg ghsuhfldwhg ryhu wlph/ wklv
phdvxuh ri fdvk  rz lv jurvv ri lqyhvwphqw h{shqglwxuhv +fruuhvsrqglqj wr
wkh ryhudoo lqwhuqdo fxuuhqw ixqgv dydlodeoh iru lqyhvwphqw,1 Exw frqwudu| wr
sk|vlfdo lqyhvwphqw/ U)G lqyhvwphqw lv h{shqvhg/ udwkhu wkdq fdslwdol}hg/
lq wkh fxuuhqw dffrxqwv ri upv lq erwk frxqwulhv1 Wkxv/ dv vxjjhvwhg e|
Kdoo ^4<<5`/ zh wkrxjkw dw uvw wkdw lw zrxog eh dssursuldwh wr dgg U)G
lqyhvwphqw edfn lqwr wkh fdvk  rz phdvxuh lq rughu wr wuhdw lw v|pphwul0
fdoo| zlwk ruglqdu| lqyhvwphqw1 Krzhyhu/ zkhq zh xvhg wklv fruuhfwlrq/ zh
irxqg fohdu hylghqfh ri phdvxuhphqw huuru dqg vsxulrxv fruuhodwlrq sureohpv/
dulvlqj iurp wkh vlpxowdqhlw| ehwzhhq wkh dgmxvwhg fdvk  rz dqg U)G lq0
yhvwphqw/ zklfk zhuh hvshfldoo| vxevwdqwldo lq wkh Iuhqfk gdwd1 Khqfh lq wklv
sdshu/ diwhu ydulrxv h{shulphqwv/ zh fkrvh wr xvh d fdvk  rz phdvxuh wkdw
lv qhw ri U)G lqyhvwphqw +dowkrxjk jurvv ri ruglqdu| lqyhvwphqw,1 Lq wkh
uhsruwhg hvwlpdwhv lq wklv sdshu/ zh kdyh dovr fkrvhq wkh uhsodfhphqw ydoxh
ri erwk {hg dqg nqrzohgjh fdslwdo vwrfn +FDSl>w￿4 @ Nl>w￿4 . Jl>w￿4,i r u
wkh ghqrplqdwru ri wkh fdvk  rz0fdslwdo udwlr1 Wkh fkdqjhv lq wkh hvwlpdwhv
zkhq xvlqj rqo| Nw￿4 iru qrupdolvdwlrq duh lq olqh ri zkdw zh h{shfw rq wkh
edvlv ri wkh uhodwlyh dyhudjh pdjqlwxgh ri wkh wzr w|shv ri fdslwdo144
Lqfoxglqj wkh surw udwh yduldeohv lw/ ghqhg dv wkh fdvk  rz0fdslwdo
vwrfn udwlr FIlw@FDSl>w￿4/ lq wkh lqyhvwphqw dqg U)G htxdwlrqv/ dqg xv0
lqj wkh lqyhvwphqw dqg U)G udwlrv Llw@Nl>w￿4 dqg UGlw@Jl>w￿4 dv sur{0
lhv iru wkh qhw jurzwk udwh ri fdslwdo vwrfn +Llw@Nl>w￿4 @ nlw . l dqg
UGlw@Jl>w￿4 @ jlw . 
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l,/ zh qdoo| rewdlq wkh vshflfdwlrq ri wkh huuru
￿￿ Vhh Pdluhvvh/ Kdoo/ dqg Pxond| ^4<<<` iru h{dpsohv ri wkh lpsdfw ri vxfk qru0
pdolvdwlrq uxohv1
:fruuhfwlrq dffhohudwru0surw prgho xvhg lq wklv sdshu1 Iru wkh lqyhvwphqw
htxdwlrq/ lw fdq eh zulwwhq +diwhu uhsdudphwul}dwlrq, dv=
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Wkh orqj uxq surshuwlhv ri wklv vshflfdwlrq ghshqg rqo| rq wkh whupv
lq ohyhov zkloh wkh vkruw uxq dgmxvwphqw surfhvv lqyroyhv doo wkh sdudphwhuv1




zkloh wkh orqj uxq frh!flhqw ri fdvk  rz ru surwv lv htxdo wr=
Surilw @ 
3 . 4 . 5

Zh fdq whvw iru wkh suhvhqfh ri vdohv ru surwv e| frqvlghulqj wkh mrlqw
vljqlfdqfh ri 3/ 4 dqg 5 ru wkdw ri 3/ 4 dqg 51 Zh fdq dovr whvw iru
wkh suhvhqfh ri odj wzr hhfwv +wkdw lv/ iru wkh ohqjwk ri wkh dgmxvwphqw odj,
e| orrnlqj dw wkh mrlqw vljqlfdqfh ri 5/ 5 dqg 51
Zh fdq hvwlpdwh irxu htxdwlrqv lq wrwdo/ iru lqyhvwphqw dqg U)G lq
Iudqfh dqg wkh X1V1 uhvshfwlyho|1 Krzhyhu/ lq wkh frpsdulvrq ri lqyhvwphqw
ru U)G ehkdylru dfurvv frxqwulhv/ zh surfhhg pruh uljrurxvo| e| vwdfnlqj
wkh lqyhvwphqw dqg U)G htxdwlrqv iru wkh wzr frxqwulhv dqg e| whvwlqj wkh
htxdolw| ri sdudphwhu hvwlpdwhv xvlqj wkh vwdqgdug w0whvwv ru Zdog whvwv iru
wkh mrlqw vljqlfdqfh ri wkh glhuhqfhv145 Vlploduo|/ lq wkh frpsdulvrq ri wkh
lqyhvwphqw dqg U)G htxdwlrqv/ zh vwdfn wkh wzr w|shv ri htxdwlrqv wrjhwkhu1
Lq wkhvh frpsdulvrqv/ zh whvw iru htxdolw| ri doo wkh sdudphwhuv/ dv zhoo dv iru
htxdolw| ri wkh orqj uxq hhfwv ri vdohv ru surw rqo|1 Iru wkh odwwhu whvwv zh
xvh wkh iroorzlqj yhuvlrq ri htxdwlrq +8,/ lq zklfk wkh orqj0uxq sdudphwhuv
Vdohv dqg Surilw dsshdu h{solflwo|=
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￿2 Zh xvh wkhvh w|shv ri whvwv wkurxjkrxw udwkhu wkdq frqyhqwlrqdo I0whvwv edvhg rq
wkh vxp ri vtxduhg uhvlgxdov/ vlqfh wkh| duh edvhg rq khwhurvnhgdvwlflw| urexvw
vwdqgdug huuruv zkloh wkh frqyhqwlrqdo I0whvwv duh qrw1
;Lq htxdwlrq +9,/ qglqj wkdw Vdohv dqg Surilw duh qrw vljqlfdqwo| glhuhqw
dfurvv frxqwulhv dqg2ru lqyhvwphqw w|shv lpsolhv wkdw wkh orqj0uxq lqyhvw0
phqw ehkdylru ri upv duh wkh vdph +dfurvv frxqwulhv dqg2ru lqyhvwphqw
w|shv,1Lpsrvlqj wkdw 4> 3> 4> > 3> dqg 4 eh htxdo lq dgglwlrq dvvxphv
wkdw wkh lqyhvwphqw dgmxvwphqw surfhvv +wkh vkruw0uxq ehkdylru, zrxog dovr
eh wkh vdph1
6 Uhpdunv rq Hvwlpdwlrq= Wkh Fkrlfh ri wkh Zlwklq
Hvwlpdwru
Wkh hfrqrphwulf prgho ri wkh huuru fruuhfwlrq vshflfdwlrq +8, ru +9, ri rxu
lqyhvwphqw dqg U)G htxdwlrqv lv wkh xvxdo olqhdu uhjuhvvlrq prgho iru sdqho
gdwd zlwk up hhfwv dqg wlph hhfwv=
|lw @ |l>w￿4 . {lw . l . w . %lw l @4 >===>Q > w @4 >===>W= +:,
Qrwh wkdw wkhvh uhjuhvvlrqv duh qrqolqhdu lq wkh orqj uxq sdudphwhuv ri lq0
whuhvw + Vdohv dqg Surilw,/ dowkrxjk olqhdu lq wkh uljkw kdqg vlgh yduldeohv1
Pruhryhu/ jlyhq wkh hvwlpdwhg olqhdu frh!flhqwv/ wkh vwuxfwxudo sdudphwhuv
duh h{dfwo| lghqwlhg1
Zh dffrxqw iru wkh wlph hhfwv w e| lqfoxglqj d ixoo vhw ri |hdu gxpplhv
lq doo wkh uhjuhvvlrqv h{solflwo|146 Zh dffrxqw iru wkh up hhfwv l e| uho|lqj
pdlqo| rq wkh zlwklq up hvwlpdwru +ru ohdvw vtxduhv rq wkh ghyldwlrqv ri doo
yduldeohv wr wkhlu up phdqv/ wkdw lv lpsolflwo| lqfoxglqj up gxpplhv,1 Wkh
dgydqwdjh ri wkh zlwklq hvwlpdwru uhodwlyh wr wkh wrwdo hvwlpdwru +ru wkh ohdvw
vtxduhv hvwlpdwhv rq wkh xqwudqviruphg yduldeohv, lv wkdw wkhvh hvwlpdwhv
fruuhfw iru wkh eldvhv dulvlqj iurp wkh fruuhodwlrqv ehwzhhq wkh up hhfwv
dqg wkh uljkw kdqg vlgh yduldeohv +|l>w￿4 dqg {lw, lq wkh uhjuhvvlrq1 Qrwh wkdw
wkh dxwruhjuhvvlyh irupxodwlrq ri wkh lqyhvwphqw htxdwlrq lpsolhv wkdw vxfk d
fruuhodwlrq h{lvwv zlwk wkh odjjhg hqgrjhqrxv yduldeoh +|l>w￿4, dqg wkdw vxfk
d fruuhodwlrq lv dovr olnho| iru wkh rwkhu yduldeohv {lw/ zklfk duh wklqjv olnh
wkh up*v rzq vdohv dqg fdvk  rz1
Wkh zlwklq hvwlpdwru/ krzhyhu/ pd| vwloo vxhu iurp wzr rwkhu w|shv ri
eldvhv/ dulvlqj iurp wkh srvvleoh fruuhodwlrqv ri wkh uljkw kdqg vlgh yduldeohv
zlwk wkh sdvw dqg fxuuhqw ydoxhv ri wkh lglrv|qfudwlf glvwxuedqfhv %lw>% l>w￿4>
%l>w￿5>=== 1 Fruuhodwlrq zlwk wkh sdvw ydoxhv ri wkh glvwxuedqfhv zloo lqgxfh
eldv yld wkh zlwklq wudqvirupdwlrq li vrph ri wkh uljkw kdqg vlgh yduldeohv
duh suhghwhuplqhg udwkhu wkdq vwulfwo| h{rjhqrxv1 Lq rxu fdvh/ ri frxuvh/
dw ohdvw rqh +|l>w￿4, dqg srvvleo| pruh ri wkh uljkw kdqg vlgh yduldeohv duh
￿￿ Zh kdyh wkxv lqfoxghg 45 ri wkhp1 Dowkrxjk rxu Iuhqfk dqg X1V1 vdpsohv shulrg
fryhuv wkh 48 |hduv 4<:<04<<6/ wkh hvwlpdwlrq shulrg lv uhvwulfwhg wr 4<;504<<6/
ehfdxvh ri wkh odjjhg yduldeohv dqg wkh fkrlfh ri wkh ehjlqqlqj ri |hdu fdslwdo
wr phdvxuh wkh lqyhvwphqw dqg fdvk  rz udwhv1
<suhghwhuplqhg hqgrjhqrxv yduldeohv1 Pruh suhflvho|/ lq wklv fdvh wkh zlwklq
hvwlpdwru lv eldvhg gxh wr wkh fruuhodwlrq ri |l>w￿4 dqg wkh {lwv zlwk wkh
dyhudjh ri sdvw glvwxuedqfhv +^%l4.%l5.===.%l>+w￿4,`@W ,/ zklfk lv d frpsrqhqw
ri wkh ryhudoo shulrg dyhudjh %l= +@^ %l4.%l5 .===.%l+W￿4, .%lW`@W ,> eldv ri
wklv nlqg zloo wkxv idoo dqg ehfrph qhjoljleoh zlwk wkh ohqjwk W ri wkh vwxg|
shulrg1 Iru d vwxg| shulrg ri 45 |hduv dv rxuv/ wklv vrxufh ri eldv lv lqghhg
vpdoo dqg xqolnho| wr pdnh vljqlfdqw glhuhqfhv1
Krzhyhu/ hyhq lq wkh fdvh ri idluo| odujh W/ lw uhpdlqv wuxh wkdw wkh zlwklq
hvwlpdwru fdq eh eldvhg li vrph ri wkh {lw duh vlpxowdqhrxvo| ghwhuplqhg zlwk
|lw/r ul iv r p hr iw k h{lw ru |l>w￿4 duh dhfwhg e| udqgrp huuruv ri phdvxuh0
phqw1 Lq wkhvh fdvhv wkh eldvhv zloo qrw jr dzd| dv wkh wlph shulrg ehlqj
vwxglhg lqfuhdvhv1 Ehfdxvh lw vhhpv xqolnho| wkdw lqyhvwphqw udwhv/ rxwsxw/
dqg surwv zrxog qrw eh vlpxowdqhrxv wr vrph h{whqw +jlyhq rxu xvh ri
dqqxdo gdwd, dqg xqolnho| dovr wkdw wkh| zrxog eh shuihfwo| phdvxuhg/ lw lv
lpsruwdqw d sulrul wr frqvlghu wklv lvvxh1 D vroxwlrq wr wklv vhfrqg vrxufh ri
eldv +dv zhoo dv wr wkdw dulvlqj iurp wkh suhvhqfh ri odjjhg hqgrjhqrxv ydul0
deohv, lv wr xvh dq lqvwuxphqwdo yduldeohv +LY, hvwlpdwlrq phwkrg/ zkhuh wkh
lqvwuxphqwv duh dq dssursuldwh vhw ri odjjhg ydoxhv ri wkh yduldeohv1 Doorzlqj
iru wkh khwhurvnhgdvwlflw| ri wkh glvwxuedqfhv dfurvv upv dqg wkhlu srvvleoh
fruuhodwlrq ryhu wlph/ wklv dujxhv iru xvh ri wkh JPP phwkrg ri hvwlpdwlrq
zklfk kdv ehhq dgyrfdwhg vwurqjo| lq uhfhqw |hduv1
Wkh uvw glhuhqfhg JPP hvwlpdwhv duh edvhg rq lqvwuxphqwlqj wkh
glhuhqfhg yhuvlrq ri htxdwlrq +:, e| wkh odjjhg ohyho0ydoxhv ri wkh ydul0
deohv1 Pruh suhflvho|/ xqghu wkh dvvxpswlrq wkdw wkh glvwxuedqfhv %lw duh
qrw vhuldoo| fruuhodwhg/ zh h{shfw %lw @+ %lw  %l>w￿4, wr eh ruwkrjrqdo
wr wkh sdvw klvwru| ri wkh { dqg | yduldeohv +diwhu wkh uvw odj,/ vr wkdw
{l>w￿5>{ l>w￿6>===>| l>w￿5>| l>w￿6>===duh dydlodeoh dv lqvwuxphqwv iru %lw147 Wkh
v|vwhp JPP hvwlpdwhv duh edvhg rq wkh lghd wkdw li htxdwlrq +:, lv wkh wuxh
prgho/ lw lv dovr srvvleoh wr lqvwuxphqw wkh xqwudqviruphg htxdwlrq/ zklfk
frqwdlqv wkh up hhfwv l*v/ xvlqj wkh odjjhg glhuhqfhv ri wkh {*v dqg |*v
+{l>w￿4>{ l>+w￿5,>===>| l>w￿4>| l>+w￿5,>===,/ vlqfh wkhvh suhvxpdeo| gr qrw
frqwdlq vxfk up hhfwv1 Wkh v|vwhp JPP frpelqlqj wkh wzr vhwv ri lq0
vwuxphqwv uhvxowv lq hvwlpdwhv zklfk fdq eh pxfk pruh h!flhqw wkdq wkh
uvw0glhuhqfhg JPP dorqh148
Lq hvwlpdwlrq sudfwlfh/ wkh fkrlfh ri lqvwuxphqwv vkrxog vdwlvi| wzr uh0
txluhphqwv zklfk whqg wr jr lq wkh rssrvlwh gluhfwlrq= wkh h{rjhqhlw| ru
ydolglw| ri wkh lqvwuxphqwv dqg wkhlu uhohydqfh1 Wkh ydolglw| ri lqvwuxphqwv
lv xvxdoo| yhulhg e| wkh fodvvlfdo Vdujdq whvw ri wkh ryhu0lghqwli|lqj uhvwulf0
wlrqv> wkh Odjudqjh Pxowlsolhu +OP, whvwv ri dxwrfruuhodwlrq ri huuruv duh dovr
￿e Li wkh glvwxuedqfhv 0￿| iroorz d prylqj dyhudjh surfhvv ri rughu rqh PD+4,/ wkh
uvw ydolg lqvwuxphqwv duh irxqg dw wkh wklug odj lqvwhdg ri wkh vhfrqg ehfdxvh
wkh glhuhqfhg glvwxuedqfhv iroorz dq PD+5, surfhvv1
￿D Vhh hvshfldoo| Duhoodqr dqg Eryhu ^4<<8` dqg Eoxqghoo dqg Erqg ^4<<;`1
43xvhixo wr frqup wkh h{rjhqhlw| ri wkh +w5, ru +w6, odjjhg lqvwuxphqwv149
Krzhyhu/ hyhq wkrxjk wkh lqvwuxphqwv pd| dsshdu wr eh ydolg dffruglqj wr
wkhvh whvwv/ wkh| pd| eh rqo| +yhu|, zhdno| uhohydqw +l1h1/ fruuhodwhg zlwk wkh
lqvwuxphqwhg yduldeohv,14: Lq frqvhtxhqfh/ wkh JPP hvwlpdwruv kdyh odujh
vwdqgdug huuruv dqg wkh sdudphwhu hvwlpdwhv duh yhu| lpsuhflvh1 Pruhryhu/
wklv lpsuhflvlrq lpsolhv wkdw zkhq grlqj vwdwlvwlfdo lqihuhqfh/ rqh lv olnho| wr
dffhsw wkh qxoo k|srwkhvlv vlpso| ehfdxvh wkh srzhu ri wkh whvw lv orz1
Dv fdq eh vhhq lq Dsshqgl{ F/ wkh vwdqgdug huuruv ri rxu JPP hvwlpdwhv
dsshdu wr eh yhu| odujh dqg zh duh lq d fohdu fdvh ri zhdn lqvwuxphqwv1 Wkh
v|vwhp JPP hvwlpdwhv whqg wr eh ohvv lpsuhflvh wkdq wkh uvw glhuhqfhg
JPP hvwlpdwhv exw qrw pxfk ohvv1 Dv frxog eh h{shfwhg zlwk vxfk zlgh
vwdqgdug huuruv/ vrph ri wkh JPP srlqw hvwlpdwhv kdyh txlwh lpsodxvleoh
pdjqlwxghv/ dqg prvw ri wkhp duh qrw lq idfw vwdwlvwlfdoo| glhuhqw iurp
wkh zlwklq hvwlpdwhv1 Edvhg rq wklv hylghqfh/ lw lv qrw srvvleoh wr dvvhvv wkh
lpsruwdqfh ri wkh vlpxowdqhlw| dqg phdvxuhphqw huuru eldvhv wkdw vhhp d
sulrul olnho| wr dhfw rxu zlwklq hvwlpdwhv1 D klqw wkdw wkh| pljkw qrw eh
odujh lv rxu pdlq qglqj wkdw wkh zlwklq hvwlpdwhv ri wkh orqj uxq sdudphwhuv
ri lqyhvwphqw ehkdylru duh txlwh forvh dfurvv wkh wzr frxqwulhv dqg wzr w|shv
ri lqyhvwphqw/ zlwk wkh pdmru h{fhswlrq ri wkh kljk dqg vljqlfdqw fdvk  rz
frh!flhqw lq wkh X1V1 Li wkhvh hvwlpdwhv zhuh edgo| eldvhg/ wklv qglqj dovr
lpsolhv wkdw wkh frqvhtxhqfh ri wkh eldv zdv vlplodu lq wkh wzr frxqwulhv/
zklfk lv qrw wkdw olnho|1 Lq dq| fdvh/ rxu JPP hvwlpdwhv duh qrw phdqlqjixo
hqrxjk +odfn srzhu dqg vxhu iurp vpdoo vdpsoh2zhdn lqvwuxphqw eldv, wr
doorz iru wkh frpsdulvrq dfurvv frxqwu| dqg lqyhvwphqw w|sh wkdw zh gr khuh/
dqg khqfh zh fkrvh wr irfxv rq wkh zlwklq hvwlpdwhv zklfk vhhphg erwk pruh
suhflvh dqg pruh sodxvleoh1
￿S Vhh Kdqvhq ^4<;5` iru wkh Vdujdq whvw dqg Duhoodqr dqg Erqg ^4<<4` iru wkh
dxwrfruuhodwlrq whvw1 Lq sudfwlfh/ rqh zloo uvw whvw wkh ydolglw| ri ohyho lqvwux0
phqwv iru wkh uvw0glhuhqfhg JPP xvlqj wkh fruuhvsrqglqj Vdujdq whvw/ dqg/
frqglwlrqdo rq wkh dffhswdqfh ri wklv whvw/ rqh zloo wkhq whvw wkh ydolglw| ri wkh
dgglwlrqdo glhuhqfhg lqvwuxphqwv iru wkh v|vwhp JPP xvlqj wkh fruuhvsrqglqj
glhuhqfhg Vdujdq whvw1
￿. Rq wkh sureohp ri zhdn lqvwuxphqwv/ vhh iru h{dpsoh Qhovrq dqg Vwduw} ^4<<3`/
Vwdljhu dqg Vwrfn ^4<<:` dqg Eoxqghoo dqg Erqg ^4<<;`1 Wkh uhohydqfh ri wkh lq0
vwuxphqwv fdq eh dvvhvvhg e| frqvlghulqj wkh U0vtxduhv dqg I0vwdwlvwlfv iurp wkh
uhjuhvvlrqv ri wkh lqvwuxphqwhg yduldeohv lq wkh prgho rq wkh vhw ri lqvwuxphqwv
+Qhovrq dqg Vwduw} ^4<<3` dqg Erxqg/ Mdhjhu/ dqg Ednhu ^4<<8`,1 Krzhyhu/ wklv
fdq eh plvohdglqj ehfdxvh ri wkh lqwhufruuhodwlrqv ehwzhhq wkh lqvwuxphqwhg
yduldeohv dqg Vkhd ^4<<:` dqg D1U1 Kdoo/ Uxghexvk/ dqg Zlofr{ ^4<<9` kdyh
vxjjhvwhg frpsxwlqj wkh fdqrqlfdo fruuhodwlrqv ehwzhhq wkh vhw ri lqvwuxphqwhg
yduldeohv dqg wkh vhw ri wkh lqvwuxphqwv/ dqg whvwlqj wkh vljqlfdqfh ri wkh vpdoo0
hvw ri wkhvh fdqrqlfdo fruuhodwlrqv1 Zh vkdoo qrw uhsruw khuh rq wkh xvh ri wkhvh
ydulrxv gldjqrvwlf lqglfdwruv ri wkh uhohydqfh ri rxu JPP lqvwuxphqwv/ dv zh
kdyh grqh vr lq ghwdlo lq Pdluhvvh/ Kdoo/ dqg Pxond| ^4<<<`1
447 Wkh Iuhqfk dqg X1V1 Vdpsohv= Ghvfulswlyh Vwdwlvwlfv
Rxu hpslulfdo dqdo|vlv lv frqgxfwhg rq wzr sdqho gdwd vdpsohv frqvwuxfwhg
iurp wkh edodqfh vkhhwv dqg lqfrph dffrxqwv ri odujh Iuhqfk dqg X1V1 Pdq0
xidfwxulqj upv1 Wkh wzr vdpsohv duh ri dssur{lpdwho| wkh vdph vl}h/ erwk
frqvlvwlqj ri derxw 833 upv iru wkh shulrg 4<:<04<<6/ prvw ri zklfk shu0
irup U)G frqwlqxrxvo| gxulqj wkh shulrg +dqg doo ri zklfk lqyhvw lq sk|vlfdo
dvvhwv hyhu| |hdu,1 Zh kdyh sdlg sduwlfxodu dwwhqwlrq wr rewdlqlqj vlplodu ghi0
lqlwlrqv ri wkh yduldeohv lq erwk frxqwulhv lq vslwh ri glhuhqfhv lq dffrxqwlqj
vfkhphv> vrph qrq qhjoljleoh glvfuhsdqflhv/ krzhyhu/ pd| uhpdlq lq wkh frp0
sxwdwlrq ri rxu fdvk  rz ru surw udwh phdvxuhv1 Wkh gdwd vrxufhv dqg wkh
ghwdlohg ghqlwlrqv ri wkh yduldeohv xvhg lq wkh dqdo|vlv duh jlyhq lq Dsshqgl{
E1
Wdeohv 4 dqg 5 jlyh wkh lqgxvwu| frpsrvlwlrq dqg wkh ghvfulswlyh vwdwlvwlfv
iru wkh pdlq yduldeohv xvhg lq wkh dqdo|vlv iru rxu Iuhqfk dqg X1V1 vdpsohv
dqg iru wkh fruuhvsrqglqj vxevdpsohv ri wkh U)G upv dqg wkh qrq U)G
upv1 Iljxuhv 4/ 5 dqg 6 uhsuhvhqw wkh |hduo| hyroxwlrq ri wkh phgldq ydoxhv
ri wkh pdlq yduldeohv iru wkh wzr vdpsohv ryhu wkh ixoo shulrg 4<:<04<<61
Lw lv lqwhuhvwlqj wr frpphqw eulh | rq wkhvh dyhudjh ru phgldq ydoxhv ri
wkh yduldeohv dqg wkhlu hyroxwlrq1 Krzhyhu/ rqh vkrxog eh dzduh wkdw rxu
hvwlpdwlrq uhvxowv gr qrw ghshqg lq idfw rq wkhp/ vlqfh doo rxu uhjuhvvlrqv
lqfoxgh |hdu gxpplhv1
Zh fdq vhh iurp Wdeoh 4 wkdw wkh sursruwlrq ri upv lq kljk0whfkqrorj|
lqgxvwulhv duh derxw wkh vdph lq Iudqfh dqg wkh X1V1 +68(,/ kljk0whfk lq0
gxvwulhv ehlqj wkrvh zlwk kljk U)G lqyhvwphqw udwhv lq erwk frxqwulhv dqg
zkhuh upv duh pruh olnho| wr shuirup U)G= Frpsxwhuv ) Lqvwuxphqwv/
Guxjv/ Fkhplfdov/ Dxwrpreloh/ dqg Dlufudiw ) Erdw1 Krzhyhu/ zh dovr qrwh
wkdw prvw ri wkh X1V1 upv gr U)G gxulqj wkh shulrg/ zkhuhdv ohvv wkdq kdoi
ri wkh Iuhqfk upv gr1
Lq Wdeoh 5 zh vhh wkdw wkh X1V1 upv duh derxw whq wlphv odujhu lq dyhudjh
wkdq wkh Iuhqfk upv lq whupv ri hpsor|phqw lq vslwh ri wkh idfw wkdw rxu
vdpsohv frqvlvw ri wkh odujhvw pdqxidfwxulqj upv lq hdfk frxqwu| iru wkh
prvw sduw1 Wklv lv lq olqh zlwk wkh uhodwlyh vl}h ri wkh wzr hfrqrplhv/ dqg dovr
zlwk wkh idfw wkdw wkh qrwlrq ri wkh up dv d ohjdo hqwlw| whqgv wr eh pruh
eurdgo| ghwhuplqhg +dw d pruh frqvrolgdwhg ohyho, lq wkh X1V1 wkdq lq Iudqfh1
Wkh U)G upv duh dovr odujhu wkdq wkh qrq0U)G upv lq erwk frxqwu|1
Iuhqfk dqg X1V1 upv h{klelw wkh vdph phgldq jurzwk udwh ri vdohv +v,
ri derxw 5( shu |hdu/ exw zlwk kljkhu yrodwlolw| iru wkh X1V1 upv1 Vdohv
jurzwk lv dovr vljqlfdqwo| pruh udslg iru wkh Iuhqfk U)G upv wkdq iru wkh
qrq0U)G upv +e| derxw 318( shu |hdu,/ zkloh lw lv derxw wkh vdph iru X1V1
upv1
X1V1 upv duh olnho| wr lqyhvw pruh lq {hg fdslwdo wkdq wkh Iuhqfk upv/
zlwk d phgldq lqyhvwphqw udwh +L@N, dqg d phgldq lqyhvwphqw0wr0vdohv udwlr
+L@V, erwk kljkhu e| derxw 5 (/ dqg d phgldq fdslwdo vwrfn0wr0 vdohv udwlr
+N@V, kljkhu e| derxw : (1 Wkh slfwxuh vhhpv ohvv fohdu fxw iru U)G/ zlwk
45Wdeoh 41 Vl}h ri wkh Iuhqfk dqg X1V1 Vdpsohv








Frpsxwhuv dqg Lqvwuxphqwv 65 919 53 9518 45 6:18
Guxjv 76 ;1; 69 ;61: : 4916
Fkhplfdov 66 91; 57 :51: < 5:16
Dxwrpreloh 6: :19 59 :316 44 5<1:
Dlufudiw dqg Erdw 48 614 43 991: 8 6616
Hohfwulfdo Pdfklqhu| 64 917 47 7815 4: 871;
Pdfklqhu| 74 ;17 55 861: 4< 7916
Uxeehu dqg Sodvwlfv 58 814 45 7;13 46 8513
Ideulfdwhg Phwdov 68 :15 45 6716 56 981:
Zrrg/ Sdshu dqg Plvf1 :6 4813 46 4:1; 93 ;515
Sulpdu| Phwdov 48 614 : 791: ; 8616
Wh{wlohv dqg Ohdwkhu 98 4617 : 431; 8; ;<15
Irrg dqg Wredffr 74 ;17 44 591; 63 :615
WRWDO 7;9 43313 547 7713 5:5 8913








Frpsxwhuv dqg Lqvwuxphqwv :6 4814 :5 <;19 4 417
Guxjv 6< ;14 69 <516 6 :1:
Fkhplfdov 4< 61< 4< 43313 3 313
Dxwrpreloh 5: 819 55 ;418 8 4;18
Dlufudiw dqg Erdw 44 516 : 9619 7 6917
Hohfwulfdo Pdfklqhu| 56 71; 4: :61< 9 5914
Pdfklqhu| 94 451: 83 ;513 44 4;13
Uxeehu dqg Sodvwlfv 49 616 45 :813 7 5813
Ideulfdwhg Phwdov 64 917 55 :413 < 5<13
Zrrg/ Sdshu dqg Plvf1 <3 4;1: 74 7819 7< 8717
Sulpdu| Phwdov 58 815 46 8513 45 7;13
Wh{wlohv dqg Ohdwkhu 6: :1: 46 6814 57 971<
Irrg dqg Wredffr 63 915 45 7313 4; 9313
WRWDO 7;5 43313 669 9<1: 479 6316
@ Qxpehu ri upv1
M Shufhqwdjh ri wkh wrwdo qxpehu ri upv1
U Shufhqwdjh ri upv lq wkh frqvlghuhg lqgxvwu|1
46Wdeoh 51 Ghfulswlyh Vwdwlvwlfv rq wkh Yduldeohv +iru wkh hvwlpdwlrq shulrg
4<;504<<6,
IUHQFK ILUPV Doo Ilupv U)G Ilupv
Phdq Vw1Ghy1 Phgldq Phdq Vw1Ghy1 Phgldq
Hpsor|phqw 4 89; 8 ;;5 897 5 88; ; 596 ;47
Vdohv r :7318 6 68916 53313 4 5<916 7 <5;16 64;19
Vdohv Jurzwk {r 41;4 44199 41<8 5158 44199 5186
U*g +(, 44137 <139 <133 44189 <166 <169
-*C +(, 591:3 54154 53198
U*7 +(, 61;9 51<< 6153 7145 51;8 6184
-*7 +(, 6195 71:4 5134
*L}Eg*7 31759 31567 316;7 31777 3156< 31735
*L}EC*7 314:4 31575 313;;
*g +(, 471<8 491:9 4616: 48195 481;< 4715;
$ ' *Eg n C +(, 46177 48173 45137 4514< 45164 4415<
E n -*Eg n C +(, 48159 48188 4714:
X1V1 ILUPV Doo Ilupv U)G Ilupv
Phdq Vw1Ghy1 Phgldq Phdq Vw1Ghy1 Phgldq
Hpsor|phqw 4< ;7; 84 877 7 ;83 57 377 8< <6; 8 :9:
Vdohv r 5 57313 9 99414 78:19 5 9;:16 : 9;617 8:31;
Vdohv Jurzwk {r 416; 47147 5133 4164 47149 41<8
U*g +(, 461;7 <1<8 441:8 4714; <1;: 4513;
-*C +(, 4;163 <189 4:13:
U*7 +(, 81;7 7195 71:3 9149 7163 8143
-*7 +(, 6197 61<7 5166
*L}Eg*7 317<< 315<: 31757 3184; 315;4 3178;
*L}EC*7 314<< 314;3 31477
*g +(, 581;3 4<1<; 55198 5:197 53188 57164
$ ' *Eg n C +(, 4<1;6 471;: 4;147 4<139 46159 4:1;7
E n -*Eg n C +(, 561;7 49196 541;8
47Ilj1 41 Lqyhvwphqw Udwh dqg U)G Udwh +Phgldqv e| \hdu,
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d pxfk kljkhu phgldq U)G lqyhvwphqw udwh +U@J, iru wkh Iuhqfk upv
+e| derxw ;(,/ d phgldq U)G wr vdohv udwlr +U@V, derxw htxdo lq wkh wzr
frxqwulhv/ dqg d phgldq fdslwdo0wr0vdohv udwlr +J@V, d olwwoh kljkhu iru wkh
X1V1upv +e| derxw 6(,1 Wkhvh glhuhqfhv uh hfw wkrvh lq wkh sdvw hyroxwlrqv
ri U)G vshqglqj e| Iuhqfk dqg X1V1 upv1 Wkh| pd| eh dovr uhodwhg lq sduw
wr wkh idfw wkdw zh kdyh d vkruwhu klvwru| ri U)G iru pdq| Iuhqfk upv/
dqg wkxv wr rxu vrphzkdw duelwudu| fkrlfh ri dq lqlwldo U)G fdslwdo vwrfn
ehqfkpdun14; Lq erwk frxqwulhv U)G upv whqg wr lqyhvw pruh lq sk|vlfdo
dvvhwv dqg wr eh pruh fdslwdo lqwhqvlyh wkdq qrq U)G upv1
Zkhwkhu zh phdvxuh wkh surw ru fdvk  rz udwh lq wkh xvxdo zd| e|
F@N/ e| wkh U)G dgmxvwhg phdvxuh +F . UG,@+N . J,> r u /d vz hg rk h u h /
zlwk uhvshfw wr wrwdo fdslwdo e|  @ F@+N . J,/ X1V1 upv dsshdu pxfk
￿H H{shulphqwlqj zlwk glhuhqw sodxvleoh yduldqwv iru wkh fkrlfh ri wkhvh ehqfkpdun
ydoxhv glg qrw fkdqjh pxfk wkh ryhudoo sdwwhuq ri glhuhqfhv ehwzhhq wkh wzr
vdpsohv ri U)G grlqj Iuhqfk dqg X1V1upv1 Zh dovr fkhfnhg wkdw wkh fkrlfh ri
wkh U)G +dqg lqyhvwphqw, ehqfkpdun ydoxhv dqg wkdw ri dyhudjh ghsuhfldwlrq
udwhv kdg sudfwlfdoo| qr lq xhqfh rq rxu hvwlpdwlrq uhvxowv1
48Ilj1 51 Jurzwk Udwh dqg Surw Udwh +Phgldqv e| \hdu,
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pruh surwdeoh lq dyhudjh wkdq wkhlu Iuhqfk frxqwhusduwv1 Wkh glhuhqfh
pd| fruuhvsrqg lq sduw wr glhuhqw dffrxqwlqj sudfwlfhv ri upv lq wkh wzr
frxqwulhv/ lq sduwlfxodu lq uhodwlrq wr wkhlu shqvlrq dqg rwkhu vrfldo vhfxulw|
ohjdo reoljdwlrqv1
Iljxuhv 4/ 5 dqg 6 vkrz vrph frqwudvwlqj phgldq hyroxwlrqv lq wkh pdlq
yduldeohv iru rxu Iuhqfk dqg X1V1 vdpsohv1 Wkh phgldq lqyhvwphqw udwhv
+L@N, duh odujhu lq wkh X1V1 wkdq lq Iudqfh/ exw wkh| frqyhujh wrzdugv hdfk
rwkhu odwhu lq wkh shulrg1 Wkh phgldq dffxpxodwlrq udwhv ri U)G +U@J,
hyroyh vlploduo| ryhu wlph lq wkh wzr frxqwulhv> wkh| uhpdlq/ krzhyhu/ vljqli0
lfdqwo| kljkhu iru wkh Iuhqfk upv wkdq iru wkh X1V1 upv +derxw 3153 dqg
314:8 uhvshfwlyho|,1 Wklv glhuhqfh uh hfwv wkh kljkhu jurzwk udwhv ri U)G
lq Iudqfh= wkh phgldq Iuhqfk up lq rxu vdpsoh kdg d jurzwk ri uhdo U)G
ri derxw 8(/ zkhuhdv wkh phgldq X1V1 up kdg d jurzwk udwh ri 518(1
Wkh surw udwh + @ F@+N.J,, ghfuhdvhv ryhu wlph lq wkh X1V1/ vwduwlqj
iurp d yhu| kljk ohyho/ exw dozd|v uhpdlqlqj kljkhu wkdq lq Iudqfh/ zkhuh lw
iroorzv wkh exvlqhvv f|foh ri wkh hljkwlhv14< Lq wkh X1V1/ wkh exvlqhvv f|foh lv
￿b Wklv lv dovr wuxh ri wkh pruh frqyhqwlrqdo phdvxuh *g +qrw vkrzq,1
49Ilj1 61 Fdslwdo0Rxwsxw Udwlr +Phgldqv e| \hdu,
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pruh qrwlfhdeoh lq wkh pryhphqwv ri wkh phgldq jurzwk udwh ri vdohv +v,/
zlwk 4<;5 dqg 4<<4 ehlqj wkh wzr orzhvw |hduv +zlwk qhjdwlyh jurzwk,1
Dq lpsruwdqw glhuhqfh ehwzhhq wkh wzr frxqwulhv lv dovr wkh fkdqjh lq
wkh phgldq fdslwdo0rxwsxw udwlr +N@V,1 Lw kdv d fohdu dqg odujh ulvlqj wuhqg
lq wkh X1V1 +derxw 7( shu |hdu, dv djdlqvw d pxfk  dwwhu vorsh lq Iudqfh
+derxw 5(,153
2f Olnh lq wkh fdvh ri rxu phdvxuh ri U)G fdslwdo vwrfn/ wklv frqwudvw pd| wr vrph
h{whqw fruuhvsrqg wr rxu fkrlfh ri lqlwldo ehqfkpdun ydoxhv> lq erwk frxqwulhv zh
kdyh xvhg dv ehqfkpdunv wkh qhw errn ydoxhv ri sk|vlfdo dvvhwv lq wkh uvw |hdu
ri gdwd iru hdfk up +vhh Dsshqgl{ E,/ zklfk lq sduw uh hfw vrph glhuhqfhv lq
dffrxqwlqj sudfwlfhv +dqg hvshfldoo| lq dffrxqwlqj vhuylfh olyhv,1 Dqrwkhu srvvl0
eoh uhdvrq pd| eh uhodwhg wr glhuhqfhv lq rxu lqyhvwphqw sulfh gh dwruv +vhh
Dsshqgl{ E,> lq Iudqfh wkh sulfhv ri htxlsphqw jrrgv +pdlqo| frpsxwhuv dqg uh0
odwhg htxlsphqw, lq wkh qdwlrqdo dffrxqwv kdyh ehhq dgmxvwhg iru txdolw| fkdqjh
ehjlqqlqj d qxpehu ri |hduv odwhu wkdq lq wkh X1V1 Krzhyhu/ wklv fdq dw ehvw
h{sodlq d vpdoo sduw ri zk| wkh fdslwdo0rxwsxw udwlr iru Iudqfh lqfuhdvhv pxfk
ohvv wkdq lq wkh X1V11
4:8 Wkh Hvwlpdwlrq Uhvxowv= Vlplodulwlhv dqg Glhuhqfhv
ehwzhhq Lqyhvwphqw dqg U)G/ dqg Iudqfh dqg wkh X1V1
Wdeohv 6 wkurxjk 43 vkrz rxu pdlq hvwlpdwlrq uhvxowv iru wkh lqyhvwphqw dqg
U)G htxdwlrqv zulwwhq dv +8, ru htxlydohqwo| dv +9,/ zkloh Iljxuh 7 surylghv
d vxppdu| ri wkh ydulrxv whvwv ri sdudphwhu htxdolw| dfurvv frxqwu| dqg
lqyhvwphqw w|sh154 Pruh suhflvho|/ wkh vhtxhqfh ri hljkw Wdeohv suhvhqwv wkh
zlwklq up hvwlpdwhv +zlwk |hdu gxpplhv, ri wkh vdph ryhudoo prgho iru
erwk sk|vlfdo lqyhvwphqw dqg U)G dqg erwk frxqwulhv/ jrlqj surjuhvvlyho|
iurp d ixoo| frqvwudlqhg vshflfdwlrq zkhuh doo wkh frxqwu| dqg lqyhvwphqw
w|sh sdudphwhuv duh htxdo/ wr wkh xqfrqvwudlqhg vshflfdwlrq zkhuh wkhvh
sdudphwhuv fdq doo eh glhuhqw1 Wdeohv 6 wkurxjk 9 jlyh wkh hvwlpdwlrqv zkhuh
wkh odjjhg hqgrjhqrxv yduldeoh frh!flhqw dqg wkh rwkhu vkruw uxq g|qdplfv
frh!flhqwv duh doorzhg wr glhu dfurvv frxqwu| dqg lqyhvwphqw w|sh/ dqg
Wdeohv : dqg 43 wkh hvwlpdwlrqv zkhuh wkh orqj uxq sdudphwhuv +l1h1/ doo
vwuxfwxudo sdudphwhuv, duh dovr doorzhg wr glhu1 Lq doo wkhvh vshflfdwlrqv/
wkh |hdu gxpplhv duh iuhh wr ydu| dfurvv frxqwu| dqg lqyhvwphqw w|sh/ dqg
wkh up gxpplhv duh dovr ydu|lqj dfurvv lqyhvwphqw w|sh/ vr wkdw rxu whvwv
frqfhuq rqo| wkh frpsdulvrq ri vwuxfwxudo frh!flhqwv1
Dowkrxjk rxu hvwlpdwlrq dqg whvwlqj dssurdfk lv lq idfw udwkhu vwudljkw0
iruzdug/ lw pd| orrn vrphzkdw frpsoh{ dw uvw jodqfh1 Iru wklv uhdvrq/ zh
ehjlq e| ghvfulelqj wkh h{dfw od|rxw dqg orjlfdo vhtxhqfh ri rxu uhvxowv dv
vkrzq lq wkh Wdeohv dqg surylglqj d uvw orrn edvhg rq jxuh 71 Zh wkhq glv0
fxvv rxu uhvxowv pruh ixoo|/ irfxvlqj uvw rq zkdw wkh| whoo xv rq wkh vkruw uxq
g|qdplfv ri lqyhvwphqw dqg U)G/ dqg wkhq rq wkh orqj uxq hhfwv ri vdohv
dqg surwv/ dqg frpphqwlqj dovr rq wkh uhodwlyh yduldelolw| dqg fruuhodwlrqv
ri wkh up dqg |hdu hhfwv dqg lglrv|qfudwlf glvwxuedqfhv1
814 Ryhuylhz ri uhvxowv
Doo wkh hljkw Wdeohv glvsod|lqj rxu hvwlpdwlrq uhvxowv kdyh d vlplodu irupdw1
Wkh| frqvlvw ri rqh jurxs ri rqh/ wzr ru irxu froxpqv +wzr jurxsv lq wkh uvw
Wdeoh,/ fruuhvsrqglqj wr d pruh ru ohvv frqvwudlqhg yhuvlrq ri wkh lqyhvwphqw
prgho +odehoohg +4,/ +5,/ +6h,/ +6f,/ +7,/ +8h,/ +8f,/ +9, ru +:,,/ dqg vkrzlqj
wkh iroorzlqj=
41 Wkh hvwlpdwhg vwuxfwxudo frh!flhqwv +4>3>4>>> 3>4>5,r iw k hp r g h o /
dqg lq sduhqwkhvhv wkh khwhurvnhgdvwlf0frqvlvwhqw hvwlpdwhv ri wkhlu vwdq0
gdug huuruv155
2￿ Doo hvwlpdwhv lq wkh sdshu zhuh rewdlqhg xvlqj wkh vriwzduh sdfndjh WVS Yhuvlrq
718 +Kdoo dqg Fxpplqv ^4<<<`,1
22 Wkh OP whvw iru krprvnhgdvwlflw| ri wkh glvwxuedqfhv vwurqjo| uhmhfwv wkh qxoo
k|srwkhvlv1
4;51 Wkh hvwlpdwhg orqj0uxq vdohv dqg fdvk  rz frh!flhqwv Vdohv dqg Surilw
+htxdo wr +4  @,d q g+ +3 . 4 . 5,@, /d q gl qs d u h q w k h v h vw k h
khwhurvnhgdvwlf0frqvlvwhqw huuru hvwlpdwhv ri wkhlu vwdqgdug huuruv156
61 Wkh vxp ri vtxduhg uhvlgxdov/ vwdqgdug huuru ri wkh uhjuhvvlrq/ dqg wkh
dgmxvwhg U0vtxduhg/ frpsxwhg lq wkh frqyhqwlrqdo pdqqhu1
71 D fkl0vtxduhg whvw +whvw ydoxh/ ghjuhh ri iuhhgrp dqg s0ydoxh, iru wkh
k|srwkhvlv wkdw wkh yhuvlrq ri wkh prgho frqvlghuhg +lq wkh jlyhq Wdeoh
dqg jurxs ri froxpqv, lv wkh vdph dv d pruh frqvwudlqhg yhuvlrq +lq d
suhylrxv Wdeoh,1 Wklv lv wkh urexvw yhuvlrq ri wkh Zdog whvw edvhg rq wkh
khwhurvnhgdvwlf0frqvlvwhqw vwdqgdug huuruv157
Wkh qlqh yhuvlrqv ri wkh lqyhvwphqw prgho frqvlghuhg duh wkh iroorzlqj=
 +4, 0 Doo wkh vwuxfwxudo frh!flhqwv duh dvvxphg wr eh wkh vdph dfurvv
lqyhvwphqw w|sh dqg frxqwu|1
 +5, 0 Wkh vdph dv +4,/ exw zlwk wkh frh!flhqw ri wkh odjjhg hqgrjhqrxv
yduldeoh +4, doorzhg wr ydu| dfurvv lqyhvwphqw w|sh1 Wklv dsshduv wr eh
wkh vlqjoh prvw lpsruwdqw frqvwudlqw lq rxu hvwlpdwlrqv dqg zh wkhuhiruh
ohw wklv frh!flhqw eh iuhh wr glhu ehwzhhq sk|vlfdo lqyhvwphqw dqg U)G
lq doo yhuvlrqv rwkhu wkdq +4,1
 +6h/6f, 0 Wkh vdph dv +5,/ exw zlwk doo wkh vkruw uxq frh!flhqwv doorzhg
wr ydu| dfurvv lqyhvwphqw w|sh +6h, ru frxqwu| +6f,1 Doo wkh orqj uxq fr0
h!flhqwv duh frqvwudlqhg wr eh htxdo +zklfk lpsolhv wkdw zh hvwlpdwh rxu
prgho dv htxdwlrq +9,,1
 +8h/8f, 0 Wkh vdph dv +5,/ exw zlwk doo wkh frh!flhqwv +vkruw uxq dqg orqj
uxq, doorzhg wr ydu| dfurvv lqyhvwphqw w|sh +8h, ru frxqwu| +8f,1
 +9, 0 Wkh vdph dv +5,/ exw zlwk doo wkh vkruw uxq frh!flhqwv doorzhg wr
ydu| e| lqyhvwphqw w|sh dqg frxqwu|/ dqg zlwk rqo| wkh orqj uxq surw
frh!flhqw doorzhg wr glhu e| frxqwu|1 Wklv lv rxu suhihuuhg vshflfdwlrq
zklfk zdv duulyhg dw diwhu orrnlqj dw vhyhudo dowhuqdwlyh k|srwkhvhv derxw
wkh orqj uxq frh!flhqwv +dvvxplqj ydulrxv sdwwhuqv ri glhuhqfhv lq wkh
orqj uxq frh!flhqwv ri erwk surw dqg vdohv dfurvv lqyhvwphqw w|sh dqg
frxqwu|,1
 +:, 0 Wkh vdph dv +9,/ exw zlwk doo frh!flhqwv +vkruw dqg orqj uxq, doorzhg
wr glhu dfurvv lqyhvwphqw w|sh dqg frxqwu|1
2￿ Iru wkh vdnh ri frpsohwhqhvv/ zh dovr vkrz wkh fruuhvsrqglqj hvwlpdwhg frh!0
flhqwv ri wkh odvw odj +odj 5, ri vdohv dqg wkh surwv udwlr +1￿ dqg w2,1 Wkhvh kdyh
qrw ehhq hvwlpdwhg/ exw duh ghulyhg iurp wkh orqj uxq frh!flhqwv xvlqj wkh ghowd
phwkrg wr rewdlq wkh vwdqgdug huuruv1
2e Zh gr qrw vkrz lq wkh wdeohv wkh sdqho yhuvlrq ri wkh Gxuelq0Zdwvrq vwdwlvwlf
iru wkh whvw ri vhuldo lqghshqgdqfh ri wkh glvwxuedqfhv 0￿|/ exw lq doo fdvhv wklv
vwdwlvwlf zdv htxdo wr derxw 41;81 Jlyhq rxu yhu| odujh vdpsoh vl}h wklv ydoxh
lv vwdwlvwlfdoo| vljqlfdqw dw frqyhqwlrqdo ohyhov ri frqghqfh> lw lpsolhv/ krz0
hyhu/ d yhu| orz vhuldo fruuhodwlrq +ohvv wkdq 314,/ wkxv mxvwli|lqj wkh fkrlfh ri
dq DGO+5/5, vshflfdwlrq wr prgho wkh vkruw uxq lqyhvwphqw g|qdplfv sduvlpr0
qlrxvo|1
4<Ilj1 71 Zdog Whvwv ri Sdudphwhu Htxdolw|
W = Wald Test (based on heteroskedastic-consistent covariance matrix of estimates)
DF = Degrees of Freedom







W/DF = 19.4 W = 30.8
DF = 7
W/DF = 4.4 
W = 118.8
DF = 8


























































W/DF = 3.9 W = 64.9
DF = 18
W/DF = 3.6
Iljxuh 7 suhvhqwv d vxppdu| fkduw ri wkh Zdog whvwv ri sdudphwhu htxdolw|
lq wkh qlqh yhuvlrqv ri prgho/ zkhq prylqj iurp rqh yhuvlrq wr d qh{w rqh
lq zklfk lw lv qhvwhg1 Ehfdxvh rxu vdpsoh vl}h lv txlwh odujh/ doo wkh whvwv
idlo wr dffhsw wkh qxoo k|srwkhvlv ri htxdolw| dw wkh frqyhqwlrqdo ohyhov ri
vwdwlvwlfdo vljqlfdqfh1 Krzhyhu/ zkhq zh irfxv lqvwhdg rq wkh ydoxhv ri wkh
fkl0vtxduhg shu ghjuhh ri iuhhgrp +jlyhq dv ZGI@Z2GI lq hdfk er{ ri wkh
Iljxuh,/ zklfk surylgh d urxjk dqg uhdg| |dugvwlfn ri krz pxfk wkh htxdolw|
frqvwudlqwv pdwwhu/ vrph lqwhuhvwlqj sdwwhuqv hphujh1
E| idu wkh prvw lpsruwdqw frqvwudlqw wkdw dsshduv rq wkh fkduw lv wr
lpsrvh wkdw lqyhvwphqw dqg U)G kdyh wkh vdph odj frh!flhqw +4,1 Dv
lv e| qrz zhoo0nqrzq/ U)G lqyhvwphqw udwhv duh pxfk pruh kljko| vhuldoo|
53fruuhodwhg +iurp |hdu wr |hdu, wkdq ruglqdu| lqyhvwphqw udwhv/ hyhq zkhq up
hhfwv duh frqwuroohg iru1 Wklv uh hfwv wkh lqwhuwhpsrudo qdwxuh ri wkh U)G
lqyhvwphqw surfhvv dqg wkh idfw wkdw pruh wkdq kdoi wkh frvw lv wkh zdjhv
dqg vdodulhv ri wudlqhg vflhqwlvwv dqg hqjlqhhuv/ zkrvh surgxfwlylw| zrxog eh
edgo| kxuw e| vkruw0whup klulqj dqg ulqj1 Khqfh rxu qglqj ri d vwurqjhu
whqghqf| iru wkh up wr vprrwk lwv U)G vshqglqj wkdq lwv ruglqdu| fdslwdo
lqyhvwphqw1 Wklv lv wuxh lq erwk Iudqfh dqg wkh X1V1/ dowkrxjk vrphzkdw
pruh wuxh lq wkh X1V1 +zlwk d odj frh!flhqw ri U)G ri derxw 3168 yhuvxv 3158
lq Iudqfh,1 Ehfdxvh ri wkh h{wuhph vljqlfdqfh ri wklv frqvwudlqw/ zh uhod{hg
lw lq doo ri wkh rwkhu prgho yhuvlrqv +rwkhu wkdq +4,,/ hyhq iru wkrvh lq zklfk
rwkhuzlvh wkh frh!flhqwv duh glhuhqwldwhg rqo| dfurvv frxqwu|1
Wkh vhfrqg prvw lpsruwdqw frqvwudlqw rq wkh fkduw lv wkdw wkh orqj uxq
frh!flhqw ri surwv +Surilw, eh wkh vdph lq erwk frxqwulhv +prylqj iurp
prgho +7, wr prgho +9,,1 Lq frqwudvw/ prylqj iurp prgho +9, wr prgho +:,/
zkhuh zh doorz wkh orqj uxq frh!flhqwv iru erwk vdohv dqg surw wr glhu
dfurvv frxqwulhv dqg lqyhvwphqw w|sh frvwv xv pxfk ohvv lq whupv ri fkl0
vtxduhg xqlwv shu ghjuhhv ri iuhhgrp1 Wkh rwkhu frqvwudlqwv zklfk dsshdu wr
pdwwhu qh{w duh fohduo| uhodwhg wr wkh rwkhu vkruw uxq frh!flhqwv +ehvlghv
4,/ dqg qrw wkh rwkhu orqj uxq frh!flhqwv +rwkhu wkdq Surilw e| w|sh ri
lqyhvwphqw,1 Wkhvh duh wkh uhdvrqv zk| zh qdoo| fkrvh prgho +9, dv rxu
suhihuuhg vshflfdwlrq1
815 Vkruw uxq g|qdplfv
Wdeoh 6 uhyhdov vhyhudo vw|ol}hg idfwv wkdw duh txdolwdwlyho| wuxh wkurxjkrxw doo
wkh iroorzlqj wdeohv1 Iluvw/ wkh dffhohudwru dsshduv wr eh dolyh dqg zhoo/ zlwk
d vxevwdqwldo frqwhpsrudqhrxv dqg odjjhg uhodwlrqvkls ehwzhhq vdohv jurzwk
dqg erwk lqyhvwphqw udwhv1 Wkh uhodwlrqvkls lv dssur{lpdwho| wkh vdph iru
Iudqfh dqg wkh X1V1/ exw glhuv vrphzkdw dfurvv lqyhvwphqw w|sh dqg d
zhdnhu uhvsrqvh iru U)G wkdq iru lqyhvwphqw +zlwk d fxuuhqw frh!flhqw ri
derxw 313< dv djdlqvw 3149/ dqg d odjjhg frh!flhqw ri derxw 3138 dv djdlqvw
313<,1
Vhfrqg/ wkh huuru fruuhfwlrq whup lv qhjdwlyh dv h{shfwhg/ dqg dssur{l0
pdwho| htxdo wr 03147/ phdqlqj wkdw d jlyhq rxwsxw0fdslwdo jds lv ehlqj forvhg
yld lqyhvwphqw dw d udwh ri 47 shufhqw shu |hdu1 Zkhq wklv sdudphwhu lv do0
orzhg wr glhu dfurvv lqyhvwphqw w|shv +prghov 6h dqg kljkhu,/ wkh jds forvhv
xs idvwhu iru ruglqdu| fdslwdo +dw d udwh ri derxw 49 shufhqw, wkdq iru U)G
f d s l w d o+ d wdu d w hr id e r x w4 3s h u f h q w , 1
Wklug/ lq frqwudvw wr wkh vdohv jurzwk lpsdfw zklfk lv vwurqjhvw frqwhp0
srudqhrxvo|/ wkh surw yduldeoh dhfwv erwk w|shv ri lqyhvwphqw zlwk d odj1
Wkh frh!flhqw ri derxw 313; lpsolhv wkdw d fkdqjh lq wkh surw udwh iurp/
iru h{dpsoh/ 48 shufhqw wr 53 shufhqw/ lv iroorzhg rqh |hdu odwhu e| d prghvw
lqfuhdvh lq erwk lqyhvwphqw udwhv ri dssur{lpdwho| 317 shufhqw1 Lq wklv fdvh
dovr/ wkh hhfw whqgv wr eh +yhu| voljkwo|, orzhu iru U)G wkdq iru ruglqdu|
lqyhvwphqw1




Htxdwlrq e| W|sh ri Lqyhvwphqw
Lqyhvwphqw U)G
Qxpehu ri Sdudphwhuv 89 8:
















Orqj Uxq Vdohv 31:45 31:47
+135:, +135;,
Orqj0Uxq Fdvk0Iorz 3188: 31979
+13<9, +143:,
Vxp ri vtxduhg uhvlgxdov :817;4 :71493
Vwdqgdug huuru ri uhjuhvvlrq 3139;; 3139;5
Dgmxvwhg U0vtxduhg 31877 31885
Zdog0whvw ^G1I1` +s0ydoxh, +5, yv +4, = ;<18 ^4` +1333,
4:873 Revhuydwlrqv 0 Lqyhvwphqw Htxdwlrq = 8 ;65 iru Iudqfh/
8 :;7 iru wkh X1V1 0 U)G Htxdwlrq = 5 35; iru Iudqfh/ 6 ;<9 iru wkh X1V1
484; Ilupv 0 Lqyhvwphqw Htxdwlrq = 7;9 iru Iudqfh/ 7;5 iru wkh X1V1
0 U)G Htxdwlrq = 547 iru Iudqfh/ 669 iru wkh X1V1
Hvwlpdwlrq shulrg 4<;504<<61
Wkh Zdog0whvw lv iru wkh k|srwkhvlv wkdw wkh htxdwlrqv duh wkh vdph1
Khwhurvnhgdvwlf0frqvlvwhqw vwdqgdug huuruv lq sduhqwkhvlv1
Doo htxdwlrqv lqfoxgh d ixoo vhw ri wlph gxpplhv1
Qxpehuv vkrzq lq sduhqwkhvlv dw wkh khdg ri froxpq fruuhvsrqg
wr wkh prgho qxpehuv lq Iljxuh 71




e| W|sh ri Lqyhvwphqw
Lqyhvwphqw U)G
Qxpehu ri Sdudphwhuv 95




















Vxp ri vtxduhg uhvlgxdov :61846
Vwdqgdug huuru ri uhjuhvvlrq 3139:<
Dgmxvwhg U0vtxduhg 31889
Zdog0whvw ^G1I1` +s0ydoxh, +6h, yv +5, = 8718 ^8` +1333,
Vhh Uhpdunv lq Wdeoh 61





Lqyhvwphqw U)G Lqyhvwphqw U)G
Qxpehu ri Sdudphwhuv 97
U|3￿*g|32 ru -|3￿*C|32 3138< 31565 3136: 3166:



















Vxp ri vtxduhg uhvlgxdov :61;98
Vwdqgdug huuru ri uhjuhvvlrq 3139;3
Dgmxvwhg U0vtxduhg 31887
Zdog0whvw ^G1I1` +s0ydoxh, +6f, yv +5, = 631; ^:` +1333,
Vhh Uhpdunv lq Wdeoh 61
57Wdeoh 91 Hvwlpdwlrq Uhvxowv = Prgho +7,
+7,
Vkruw0Uxq Sdudphwhuv
Glhuhqwldwhg e| Frxqwu| dqg
e| W|sh ri Lqyhvwphqw
IUDQFH X1V1
Lqyhvwphqw U)G Lqyhvwphqw U)G
Qxpehu ri Sdudphwhuv 97
U|3￿*g|32 ru -|3￿*C|32 31386 31579 031343 316<5
+1354, +1366, +1354, +1374,
{r| 31497 313:6 31495 31434
+1348, +1349, +1345, +1345,
{r|3￿ 313<9 3139; 313;8 31375
+1345, +1349, +1343, +1343,
E& 3 r|32 ru E} 3 r|32 03147< 031464 0314:< 0313<8
+1344, +1346, +1343, +1343,
r|32 031377 03136< 031386 03135;
+1338, +1338, +1339, +1337,
$| 03137: 031349 031338 31348
+1349, +1359, +1348, +1354,
$|3￿ 313:8 31396 3143: 313;7
+1349, +1366, +1348, +1353,
$|32 3137: 3134< 031346 031383
+1347, +1358, +1349, +134:,




Vxp ri vtxduhg uhvlgxdov :61444
Vwdqgdug huuru ri uhjuhvvlrq 3139::
Dgmxvwhg U0vtxduhg 3188;
Zdog0whvw ^G1I1` +s0ydoxh, +7, yv +6h, = 7419 ^45` +1333,
+7, yv +6f, = 9:1; ^43` +1333,
Vhh Uhpdunv lq Wdeoh 61




e| W|sh ri Lqyhvwphqw
Lqyhvwphqw U)G
Qxpehu ri Sdudphwhuv 97
















Orqj Uxq Vdohv 319<8 31::9
+135;, +138;,
Orqj0Uxq Fdvk0Iorz 31835 31748
+13<8, +158<,
Vxp ri vtxduhg uhvlgxdov :61836
Vwdqgdug huuru ri uhjuhvvlrq 3139:<
Dgmxvwhg U0vtxduhg 31889
Zdog0whvw ^G1I1` +s0ydoxh, +8h, yv +6h, = 419 ^5` +1786,
Zdog0whvw iru OU Vdohv 419 ^4` +153<,
Zdog0whvw iru OU Fdvk0Iorz 314 ^4` +1:86,
Vhh Uhpdunv lq Wdeoh 61





Lqyhvwphqw U)G Lqyhvwphqw U)G
Qxpehu ri Sdudphwhuv 99
U|3￿*g|32 ru -|3￿*C|32 3138< 31549 31366 31667















Orqj Uxq Vdohv 319<8 31:37
+1373, +1374,
Orqj0Uxq Fdvk0Iorz 31553 415:;
+1437, +1548,
Vxp ri vtxduhg uhvlgxdov :61934
Vwdqgdug huuru ri uhjuhvvlrq 3139:<
Dgmxvwhg U0vtxduhg 31888
Zdog0whvw ^G1I1` +s0ydoxh, +8f, yv +6f, = 5415 ^5` +1333,
Zdog0whvw iru OU Vdohv 313 ^4` +1;98,
Zdog0whvw iru OU Fdvk0Iorz 4<19 ^4` +1333,
Vhh Uhpdunv lq Wdeoh 61
5:Wdeoh <1 Hvwlpdwlrq Uhvxowv = Prgho +9,
+9,
Doo Sdudphwhuv Glhuhqwldwhg e| Frxqwu|
dqg e| W|sh ri Lqyhvwphqw/
H{fhsw Orqj0Uxq Frh!flhqwv
IUDQFH X1V1
Lqyhvwphqw U)G Lqyhvwphqw U)G
Qxpehu ri Sdudphwhuv :8
U|3￿*g|32 ru -|3￿*C|32 31385 31574 03133< 316;:
+1354, +1367, +1354, +1374,
{r| 3149< 313:9 31488 313<;
+1348, +1349, +1345, +1345,
{r|3￿ 31437 313:6 313:8 3136:
+1345, +1349, +1343, +1343,
E& 3 r|32 ru E} 3 r|32 031494 03146: 031494 0313<4
+1345, +1346, +1343, +1343,
r|32 03137< 031374 03137< 03135;
+1339, +1339, +1339, +1337,
$| 031397 031367 3134: 31363
+134:, +1359, +1349, +1355,
$|3￿ 31398 31389 31457 313<6
+1349, +1366, +1348, +1353,
$|32 31363 31338 31343 03136;
+1347, +1358, +134:, +134:,
Orqj Uxq Vdohv 319<:
+1359,
Orqj0Uxq Fdvk0Iorz 314<5 31<6<
+13<;, +1489,
Vxp ri vtxduhg uhvlgxdov :51<79
Vwdqgdug huuru ri uhjuhvvlrq 3139:9
Dgmxvwhg U0vtxduhg 3188<
Zdog0whvw ^G1I1` +s0ydoxh, +9, yv +6h, = 8:19 ^46` +1333,
+9, yv +6f, = <817 ^44` +1333,
Zdog0whvw iru OU Fdvk0Iorz 491< ^4` +1333,
Vhh Uhpdunv lq Wdeoh 61
5;Wdeoh 431 Hvwlpdwlrq Uhvxowv = Prgho +:,
+:,
Doo Sdudphwhuv
Glhuhqwldwhg e| Frxqwu| dqg
e| W|sh ri Lqyhvwphqw
IUDQFH X1V1
Lqyhvwphqw U)G Lqyhvwphqw U)G
Qxpehu ri Sdudphwhuv ;3
U|3￿*g|32 ru -|3￿*C|32 31385 31573 03133; 316;:
+1354, +1368, +1354, +1375,
{r| 3149< 313:8 31485 31439
+1349, +134:, +1345, +1345,
{r|3￿ 31437 313:6 313:4 3137:
+1346, +134:, +1343, +1345,
E& 3 r|32 ru E} 3 r|32 031493 03146; 03148; 0313<7
+1346, +1348, +1344, +1344,
r|32 03137; 031378 031384 03134<
+133;, +1347, +133;, +133:,
$| 031396 031375 31354 31349
+134:, +1363, +1349, +135:,
$|3￿ 31399 31385 3145: 313;6
+134:, +1366, +1348, +1355,
$|32 31364 31333 31347 031387
+1347, +135<, +134:, +134<,
Orqj Uxq Vdohv 31:37 319:6 319:; 31;35
+1377, +13;7, +136:, +13:;,
Orqj0Uxq Fdvk0Iorz 31539 313:3 41363 317;4
+143<, +1577, +13:3, +16<;,
Vxp ri vtxduhg uhvlgxdov :51<53
Vwdqgdug huuru ri uhjuhvvlrq 3139:9
Dgmxvwhg U0vtxduhg 3188<
Zdog0whvw ^G1I1` +s0ydoxh, +:, yv +9, = 619 ^8` +193;,
Zdog0whvw iru OU Vdohv 515 ^6` +1865,
Zdog0whvw iru OU Fdvk0Iorz 4;1: ^6` +1333,
Vhh Uhpdunv lq Wdeoh 61
5<Ryhudoo frqvlghulqj wkh frxqwu| glhuhqfhv +prghov 6f/ dqg kljkhu,/ lw
dsshduv wkdw wkh uhvsrqvhv wr erwk vdohv dqg surw vkrfnv duh udwkhu forvh/
zlwk d voljkwo| idvwhu uhvsrqvh ri erwk nlqgv ri lqyhvwphqw wr surw lq wkh
X1V1 wkdq lq Iudqfh1 Lq frqwudvw/ wkh lqyhvwphqw w|sh glhuhqfhv +prghov 5/ 6h
dqg kljkhu, duh pxfk pruh surqrxqfhg1 Lq sduwlfxodu/ dv zh vwuhvvhg hduolhu/
wkh lqyhvwphqw udwhv duh pxfk vprrwkhu +ru pruh lqhuw lq wkhlu uhvsrqvhv wr
vkrfnv, iru U)G wkdq iru ruglqdu| lqyhvwphqw +dqg dovr vrphzkdw vprrwkhu
iru U)G lq wkh X1V1 wkdq lq Iudqfh,1
Iljxuh 8 looxvwudwhv rxu revhuydwlrqv rq wkh vkruw uxq uhvsrqvhv ri lqyhvw0
phqw wr vdohv dqg surwv/ e| vkrzlqj wkh glhuhqw wlph surohv ri wkh hhfwv
ri whpsrudu| vkrfnv wr vdohv +wrs sdqho, dqg surwv +erwwrp sdqho, rq lqyhvw0
phqw dqg U)G lq erwk frxqwulhv/ frpsxwhg xvlqj wkh hvwlpdwhg frh!flhqwv
iurp rxu suhihuuhg vshflfdwlrq/ prgho +9,1
Ilj1 81 Hhfwv ri Whpsrudu| Vkrfnv
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Iru d whpsrudu| vkrfn lq vdohv/ wkh irxu fxuyhv lq Iljxuh 8 duh idluo|
vlplodu/ exw zlwk U)G lqyhvwphqw lq erwk frxqwulhv uhvsrqglqj pruh vorzo|
dqg zlwk d shdn dw derxw wzr |hduv diwhu wkh vkrfn1 Lw wdnhv derxw vhyhq
63|hduv iru wkh lpsdfw ri wkh vkrfn wr vxevlgh wr kdoi lwv lqlwldo ohyho lq wkh fdvh
ri U)G/ exw rqo| derxw 506 |hduv lq wkh fdvh ri ruglqdu| lqyhvwphqw1
Frqwudu| wr zkdw zh vhh iru vdohv/ wkh uhvsrqvh wr d whpsrudu| vkrfn lq
wkh surw udwh glhuv vwulnlqjo| dfurvv frxqwulhv/ exw orrnv yhu| vlplodu iru
U)G dqg iru lqyhvwphqw1 Iru wkh X1V1/ wkh lpsdfw lv lqlwldoo| txlwh vpdoo dqg
shdnv udslgo| derxw 405 |hduv diwhu wkh vkrfn/ zlwk dq kdoi0olih diwhu wkh shdn
ri derxw 7 |hduv1 Iru Iudqfh/ rq wkh rwkhu kdqg/ wkh lpsdfw lv dw uvw voljkwo|
qhjdwlyh/ dqg wkhq ulvhv wr d shdn 506 |hdu diwhu wkh vkrfn/ zlwk d kdoi0olih
ri 809 |hduv1 Zh fdq wkxv frqfoxgh wkdw erwk U)G dqg lqyhvwphqw uhvsrqg
pruh vorzo| wr wudqvlwru| vkrfnv wr surwdelolw| iru Iuhqfk upv wkdq iru
X1V1 upv / zkloh qr vxfk glvwlqfwlrq lv dssduhqw lq d fdvh ri vkrfnv wr vdohv
jurzwk1 Dv zh vkdoo vhh qrz/ wklv frqfoxvlrq lv sdudoohohg e| zkdw zh qg iru
wkh orqj uxq hhfwv ri vdohv dqg surwv dqg wkh wlph surohv ri wkh hhfwv ri
shupdqhqw vkrfnv1
816 Orqj uxq hhfwv
Irfxvlqj rq Wdeohv < dqg 43 zklfk suhvhqw wkh hvwlpdwhv ri wkh yhuvlrqv +9,
dqg +:, ri rxu prgho dqg wkh fruuhvsrqglqj Zdog whvwv/ zh vhh fohduo| wkdw
wkh orqj uxq vdohv frh!flhqwv gr qrw glhu vljqlfdqwo| e| lqyhvwphqw w|sh
ru e| frxqwu|/ zkloh wkh orqj uxq surw frh!flhqw glhuv e| frxqwu| dqg
qrw e| lqyhvwphqw w|sh1 Wkh whvw iru htxdolw| ri wkh irxu vdohv frh!flhqwv
vdohv hdvlo| sdvvhv/ zlwk d fkl0vtxduhg ri 515 iru 6 ghjuhhv ri iuhhgrp1 Wkh
whvw ri htxdolw| ri wkh irxu surw frh!flhqwv surilw lv vwurqjo| uhmhfwhg/ zlwk
d fkl0vtxduhg ri 4;1: iru 6 ghjuhhv ri iuhhgrp/ exw wklv lv rqo| ehfdxvh ri
wkh glhuhqfh dfurvv Iudqfh dqg wkh X1V1 +dqg qrw wkdw ehwzhhq U)G dqg
lqyhvwphqw,158
Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh wlph surohv ri wkh hhfwv ri shu0
pdqhqw vkrfnv wr vdohv +wrs sdqho, dqg surwv +erwwrp sdqho, rq lqyhvwphqw
dqg U)G lq Iudqfh dqg wkh X1V1/ vkrzq lq Iljxuh 9 +dqg frpsxwhg dv lq
Iljxuh 8 rq wkh edvlv ri wkh hvwlpdwhg frh!flhqwv iru prgho +9,,1
Dowkrxjk U)G lq Iudqfh dqg wkh X1V1 uhvsrqgv voljkwo| pruh vorzo| wr
d shupdqhqw vkrfn lq vdohv wkdq lqyhvwphqw/ wkh| erwk uhdfk wkh vdph ohyho
2D Qrwh wkdw wkh orqj uxq surw frh!flhqwv iru U)G duh yhu| xqsuhflvho| hvwlpdwhg
+lq prgho +:,,/ lq sduwlfxodu iru wkh X1V1/ dqg wkdw zh frxog qrw lq idfw vwdwlv0
wlfdoo| uhmhfw wkdw wkh| pljkw eh htxdo lq wkh wzr frxqwulhv1 E| frqwudvw wkhvh
frh!flhqwv duh suhflvho| hvwlpdwhg iru lqyhvwphqw/ dqg wkhlu htxdolw| lv lqghhg
vwurqjo| uhmhfwhg dfurvv wkh frxqwulhv +zlwk d fkl0vtxduhg ri 4914 iru 4 ghjuhh ri
iuhhgrp,1 Vlqfh zh fdqqrw uhmhfw wkdw wkhvh frh!flhqwv duh dovr htxdo iru U)G
dqg lqyhvwphqw zlwklq hdfk frxqwu|/ zh kdyh d fohdu sureohp ri wudqvlwlylw| lq wkh
whvwv1 Zh wkrxjkw pruh sodxvleoh wr pdlqwdlq wkh dvvxpswlrq ri htxdolw| dfurvv
w|sh ri lqyhvwphqw dqg wkh glhuhqfh dfurvv frxqwu|/ wkdw lv prgho +9,/ udwkhu
wkdq dqrwkhu prgho zkhuh zh zrxog kdyh pdlqwdlqhg wkh htxdolw| dfurvv w|sh
ri lqyhvwphqw rqo| iru Iudqfh +qrw wkh X1V1, dqg wkh glhuhqfh dfurvv frxqwu|
rqo| iru lqyhvwphqw +qrw U)G,1 Krzhyhu/ edvhg vroho| rq wkh suhvhqw vwdwlvwlfdo
hylghqfh/ wklv odwwhu fkrlfh zdv dovr srvvleoh1
64Ilj1 91 Hhfwv ri Shupdqhqw Vkrfnv
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ri 319 lq derxw :0; |hduv/ dqg xowlpdwho| +lq derxw 47 |hduv, wkh orqj uxq
dffhohudwru ohyho ri 31: +dv lpsolhg e| prgho +9,,1 E| frqwudvw wkh uhvsrqvh
ri wkh wzr w|shv ri lqyhvwphqw wr d shupdqhqw vkrfn lq surw/ zkloh ehlqj
derxw wkh vdph iru wkh wzr w|shv ri lqyhvwphqw lq hdfk frxqwu|/ uhdfkhv d
pxfk kljkhu ohyho lq wkh X1V1 wkdq lq Iudqfh +derxw 31< frpsduhg wr 315,1
Wkh uhvsrqvh ri lqyhvwphqw dqg U)G wr wkh surw vkrfn lv dovr pxfk idvwhu
iru X1V1 upv/ uhdfklqj kdoi lwv qdo ohyho lq 607 |hduv/ dv rssrvhg wr 809 |hduv
iru wkh Iuhqfk upv1
Eulqjlqj wrjhwkhu wkh uhvxowv rq wkh vkruw dqg orqj uxq/ zh kdyh idluo|
vwurqj hylghqfh wkdw wkh pdlq glhuhqfhv ehwzhhq wkh wzr frxqwulhv olh lq wkh
uhvsrqvhv ri lqyhvwphqw dqg U)G wr wudqvlwru| dqg shupdqhqw surw ru fdvk
 rz vkrfnv= lq erwk fdvhv wkh uhvsrqvh lv pruh lpphgldwh dqg xowlpdwho|
pxfk kljkhu lq wkh Xqlwhg Vwdwhv wkdq lq Iudqfh1 Lq frqwudvw wr wklv uhvxow/
wkh uhvsrqvh wr wudqvlwru| dqg shupdqhqw vdohv vkrfnv lq erwk frxqwulhv lv
vlplodu iru wkh wzr nlqgv ri lqyhvwphqwv1 Zh glvfxvv wkh lqwhusuhwdwlrq ri
wkhvh qglqjv lq wkh frqfoxglqj vhfwlrq ri wklv sdshu1
65817 Ilup dqg |hdu hhfwv dqg lglrv|qfudwlf glvwxuedqfhv
Doo ri rxu hvwlpdwlqj htxdwlrqv lqfoxgh up dqg |hdu gxpplhv +l dqg w,
zklfk duh doorzhg wr glhu dfurvv wkh wzr frxqwulhv dqg w|shv ri lqyhvwphqw
dqg fdq eh ylhzhg dv fdswxulqj wkh v|vwhpdwlf lqglylgxdo dqg wlph khwhur0
j h q h l w |x q h { s o d l q h gl qr x up r g h o 1L wl vw k x vr il q w h u h v ww rf r q v l g h uw k h l u
uhodwlyh glvshuvlrq dqg wkdw ri wkh lglrv|qfudwlf glvwxuedqfhv +%lw, dqg dovr
frpsxwh wkhlu fruuhodwlrqv ehwzhhq w|shv ri lqyhvwphqw +zlwklq wkh wzr frxq0
wulhv,1 Wkhvh vwdwlvwlfv duh vkrzq lq Wdeohv 44 dqg 451
Wdeoh 441 Vwdqgdug0Ghyldwlrq ri Ilup dqg \hdu Hhfwv dqg Lglrv|qfudwlf Glvwxu0
edqfhv/ Edvhg rq Prgho +9,
IUDQFH X1V1
Lqyhvwphqw U)G Lqyhvwphqw U)G
Wlph 3133<< 313387 313465 31338:
Lqglylgxdo 314368 314877 314737 313<<5
Lglrv|qfudwlf 3139;5 3138<9 3139;5 31387<
U*g ru -*C 313;;5 314446 313<59 313<86
Pruh suhflvho|/ iru hdfk lqyhvwphqw0frxqwu| frpelqdwlrq Wdeoh 44 jlyhv
wkh vwdqgdug ghyldwlrq ri wkh |hdu +wlph, hhfwv/ wkh vwdqgdug ghyldwlrq ri wkh
hvwlpdwhg up +lqglylgxdo, hhfwv/ wkh vwdqgdug ghyldwlrq ri wkh xqh{sodlqhg
+lglrv|qfudwlf ru zlwklq up dqg |hdu, uhvlgxdo/ dqg wkh wrwdo vwdqgdug ghyl0
dwlrq ri wkh lqyhvwphqw udwh +wkh ghshqghqw yduldeoh,1 Wkh +xqwudqviruphg,
lqyhvwphqw udwhv doo kdyh d vwdqgdug ghyldwlrq ri durxqg 43 shufhqw/ dqg rxu
prgho uhgxfhv wklv qxpehu wr : shufhqw iru lqyhvwphqw +U0vtxduhg ri derxw
318, dqg 818 shufhqw iru U)G +U0vtxduhg ri derxw 31:,1 Prvw ri wkh uhgxfwlrq
lq yduldqfh lv gxh wr wkh up hhfwv wkhpvhoyhv/ zklfk kdyh d yduldqfh kljkhu
wkdq wkdw ri wkh udz lqyhvwphqw udwhv/ dqg d qhjoljleoh dprxqw lv frqwulexwhg
e| wkh |hdu hhfwv1
Lq Wdeoh 45/ zh vhh wkdw wkh fruuhodwlrq ehwzhhq wkh hvwlpdwhg up hhfwv
iru U)G dqg lqyhvwphqw lv txlwh kljk iru wkh X1V1 +derxw 318,/ zklfk lv
zkdw zh h{shfw li wkhvh hhfwv duh sur{lhv iru xqrevhuydeoh +rplwwhg, up
fkdudfwhulvwlfv lq xhqflqj erwk w|shv ri lqyhvwphqw1 Krzhyhu/ wklv fruuhodwlrq
lv txlwh d elw vpdoohu iru Iudqfh +derxw 315,/ d qglqj iru zklfk zh kdyh qr
uhdg| h{sodqdwlrq1 Wkh fruuhodwlrqv ehwzhhq wkh |hdu hhfwv duh vpdoo iru wkh
wzr frxqwulhv +hyhq qhjdwlyh iru wkh X1V1,/ lpso|lqj wkdw wkh pdfur0vkrfnv
dhfwlqj U)G dqg lqyhvwphqw duh odujho| lqghshqghqw ri hdfk rwkhu1 Wkh
vdph revhuydwlrq lv dovr wuxh iru wkh wkh lglrv|qfudwlf vkrfnv rq U)G dqg
lqyhvwphqw/ zklfk dsshdu wr eh odujho| xquhodwhg lq erwk frxqwulhv1
66Wdeoh 451 Fruuhodwlrq ehwzhhq wkh Ilup dqg \hdu Hhfwv dqg Lglrv|qfudwlf Glv0





U*g zlwk -*C 31563 31688
9 Frqfoxglqj Uhpdunv
Iurp rxu sohwkrud ri hvwlpdwlrq uhvxowv/ vrph vwurqj vw|ol}hg idfwv vhhp wr
hphujh/ zklfk frqup wr d odujh h{whqw vrph ri rxu hduolhu zrun rq lq0
yhvwphqw lq Iudqfh dqg wkh Xqlwhg Vwdwhv +Pdluhvvh dqg Kdoo ^4<<9`/ Kdoo/
Pdluhvvh/ Eudqvwhwwhu/ dqg Fuìsrq ^4<<<`/ Pdluhvvh/ Kdoo dqg Pxond| ^4<<<`,1
Zkhq zh orrn fduhixoo| dw krz wkh lqyhvwphqw uhodwlrq glhuv dfurvv frxqwu|
dqg dfurvv w|sh ri lqyhvwphqw/ xvlqj vdpsohv ri upv dqg yduldeohv wkdw duh dv
frpsdudeoh dv zh fdq pdnh wkhp/ zh qg pruh vlplodulwlhv wkdq glhuhqfhv
ryhudoo1 Wklv qglqj/ lq sduwlfxodu wkdw iru wkh ghpdqg ru vdohv dffhohudwru/
pd| eh rxu prvw vwulnlqj uhvxow1 Krzhyhu/ zh revhuyh dovr wkdw wkh juhdwhu
lpsruwdqfh ri surw ru fdvk  rz lq wkh lqyhvwphqw ghflvlrqv ri odujh X1V1
pdqxidfwxulqj upv lv frquphg/ dqg wkdw wklv lv suredeo| dv wuxh ri U)G
dv lw lv ri lqyhvwphqw159 Wkdw lv/ wkh rqh glhuhqfh wkdw vwdqgv rxw iurp wkhvh
uhvxowv lv wkdw fdvk  rz pdwwhuv iru wkh lqyhvwphqw ri X1V1 upv dqg qrw ri
Iuhqfk upv/ dw ohdvw gxulqj wkh 4<;504<<6 shulrg15:
Zkhq wdnhq wrjhwkhu zlwk wkh hylghqfh wkdw wkh vkruw uxq dgmxvwphqw
wr vdohv dqg surwv vkrfnv lv jhqhudoo| vrphzkdw vorzhu iru Iuhqfk upv
2S Lq dq hduolhu yhuvlrq ri wklv sdshu/ zh dovr vkrzhg wkdw lw zdv wuxh iru Orz0whfk
dv zhoo dv Kljk0whfk upv1
2. Krzhyhu/ zh qrwh wkdw lq wkh fdvh ri wkh X1V1 wklv sduwlfxodu qglqj/ dowkrxjk
frqvlvwhqw zlwk wkrvh lq Pdluhvvh dqg Kdoo ^4<<9` dqg Kdoo/ Pdluhvvh/ Eudqvwhw0
whu dqg Fuìsrq ^4<<<`/ glhuv vrphzkdw iurp wkh uhvxowv lq Pdluhvvh/ Kdoo/ dqg
Pxond| ^4<<<`/ zklfk xvhv edvlfdoo| wkh vdph gdwd/ exw rq d vkruwhu hvwlpdwlrq
shulrg1 Lq wklv odwwhu sdshu/ zh irxqg wkdw dowkrxjk fdvk  rz hqwhuhg wkh lq0
yhvwphqw htxdwlrq zlwk d orqj uxq frh!flhqw qhdu 31: lq wkh zlwklq hvwlpdwlrq
+iru wkh shulrg 4<;804<<6,/ wkh orqj uxq frh!flhqw zdv lqvljqlfdqwo| glhuhqw
iurp }hur lq wkh uvw glhuhqfhg JPP hvwlpdwhv1 Lq Dsshqgl{ F ri wklv sdshu
zh glvsod| wkh JPP hvwlpdwhv +erwk uvw glhuhqfhg dqg v|vwhp JPP, iru
wkh fxuuhqw gdwdvhw dqg shulrg +4<;504<<6,1 Wkh| duh yhu| lpsuhflvh/ zlwk kxjh
vwdqgdug huuruv rq wkh orqj uxq fdvk  rz frh!flhqw +ri derxw 51: dqg 513 uh0
vshfwlyho| $,/ exw wkh frh!flhqw lwvhoi lv txlwh srvlwlyh +frqwudu| wr rxu suhylrxv
qglqj,1 Wkxv zh kdyh frqfoxghg wkdw wkh edodqfh ri wkh hylghqfh vxjjhvwv d
vwurqj fdvk  rz hhfw/ exw zh fdxwlrq wkdw wklv frqfoxvlrq fduulhv zlwk lw pxfk
xqfhuwdlqw|1
67wkdq iru X1V1 upv/ zh eholhyh wkdw wklv qglqj srlqwv wr uhdo glhuhqfhv
ehwzhhq wkh zrunlqjv ri wkh fdslwdo pdunhwv lq wkh wzr frxqwulhv1 Dv zh
dqg rwkhuv kdyh dujxhg lq wkh sdvw/ gxulqj wklv shulrg dw ohdvw/ wkh w|slfdo
X1V1 vkduhkroghu kdg d vrphzkdw vpdoohu rzqhuvkls vkduh dqg zdv vrphzkdw
pruh olnho| wr vhoo klv vkduhv wkdq klv ru khu Iuhqfk frxqwhusduw1 Wklv w|sh ri
pdunhw glvflsolqh pd| lqghhg ohdg wr d pruh udslg uhvsrqvlyhqhvv rq wkh sduw
ri X1V1 upv wr qhzv derxw wkhlu survshfwv/ dqg pd| dovr pdnh wkhp pruh
vhqvlwlyh wr fdvk  rz vkrfnv zkhq pdnlqj lqyhvwphqw sodqv1 Wr wkh h{whqw
wkdw wkh| ihho suhvvxuh wr xvh lqwhuqdo ixqgv wr qdqfh ixwxuh vshqglqj/ wkh|
zloo kdyh d kljkhu orqj uxq uhvsrqvh wr vxusulvhv lq surwv +qrw dffrpsdqlhg
e| vxusulvhv lq ghpdqg, wkdq zrxog rwkhuzlvh eh wkh fdvh15;
Lq glvfxvvlrq/ Frolq Pd|hu vxjjhvwhg wkdw lw zdv srvvleoh wkdw fdvk  rz
vkrfnv lq wkh X1V1 duh d ehwwhu suhglfwru ri ixwxuh surwdelolw| lq wkh X1V1
wkdq lq Iudqfh1 Li wklv zhuh wkh fdvh/ wkhq rqh zrxog h{shfw lqghhg pruh
uhvsrqvlyhqhvv e| wkh X1V1 upv wkdq e| wkh Iuhqfk upv wr d vkrfn ri wklv
nlqg/ vlqfh wkh| zrxog shufhlyh wkh vljqdo dv vwurqjhu derxw wkh ixwxuh1 Zh
kdyh fkhfnhg wklv h{sodqdwlrq ri rxu qglqj/ zklfk vhhphg wr xv sodxvleoh/
e| h{dplqlqj wkh dxwrfruuhodwlrqv ri wkh fdvk  rz0fdslwdo udwlr lq wkh wzr
frxqwulhv/ erwk ehwzhhq dqg zlwklq upv1 Iljxuh : wkxv sorwv wkh dxwrfruuh0
odwlrq ixqfwlrqv iru wkh fdvk0 rz0fdslwdo vwrfn udwlr lq ohyhov/ zlwklq0up dqg
lq uvw glhuhqfh/ dqg iru wkh vdnh ri frpsdulvrq Iljxuh ; grhv wkh vdph iru
wkh orj vdohv1 Dowkrxjk fdvk  rz lv vrphzkdw pruh shuvlvwhqw lq wkh ohyhov lq
X1V1 upv +zlwk d uvw dxwrfruuhodwlrq ri 31;6 yhuvxv 31:9 iru Iudqfh,/ wkhuh
lv qr hylghqfh ri dq| glhuhqfh ehwzhhq wkh wzr frxqwulhv lq wkh fruuhodwlrq
ri fdvk  rz fkdqjhv= wkh uvw dxwrfruuhodwlrq lv voljkwo| qhjdwlyh +0315, dqg
wkh uhvw duh }hur lq erwk frxqwulhv1 Wklv frqwudglfwv wkh dujxphqw wkdw fdvk
 rz vkrfnv duh d ehwwhu vljqdo lq wkh X1V1 wkdq lq Iudqfh vr zh pxvw orrn
hovhzkhuh iru h{sodqdwlrqv ri rxu qglqj1
D vhfrqg glhuhqfh ehwzhhq U)G dqg ruglqdu| lqyhvwphqw lq rxu uhvxowv
lv douhdg| zhoo nqrzq iru wkh Xqlwhg Vwdwhv/ exw ohvv vr iru Iudqfh= wkh idfw
wkdw U)G vshqglqj whqgv wr eh pruh vwurqjo| vprrwkhg wkdq lqyhvwphqw dw
wkh up ohyho1 Wklv lpsolhv d vorzhu dgmxvwphqw surfhvv wr vkrfnv lq vdohv/
zkhwkhu whpsrudu| ru shupdqhqw/ iru U)G wkdq iru lqyhvwphqw/ zklfk lv
lqghhg zkdw zh vhh lq erwk frxqwulhv1 Krzhyhu/ lq wkh fdvh ri fdvk  rz vkrfnv
zh dovr revhuyh wkdw wkh sdwwhuq ri U)G dqg lqyhvwphqw uhvsrqvh lv txlwh
vlplodu lq erwk frxqwulhv1 Pljkw vxfk glhuhqfh lq uhvsrqvh wr vdohv dqg fdvk
 rz uh hfw wkh glhuhqfh lq uhvsrqvh wr ghpdqg dqg oltxlglw| vkrfnv wr vrph
h{whqwB Wkdw lv/ U)G vshqglqj sodqv w|slfdoo| lqyroyh d pl{ ri surmhfwv/ hdfk
ri zklfk uxqv ryhu vhyhudo |hduv/ vr wkdw wkh uhvsrqvh wr ghpdqg vkrfn pljkw
lqyroyh uhylvlrqv wr vshqglqj dqg wkh xqghuwdnlqj ri dgglwlrqdo surmhfwv +ru
fdqfhoolqj ri fxuuhqw surmhfwv/ erwk ri zklfk wdnh wlph dqg zrxog shukdsv
2H Krzhyhu/ wklv odvw frqfoxvlrq pd| eh whpshuhg zlwk wkh revhuydwlrq wkdw lw
dsshduv wkdw lq rxu vdpsohv wkh Iuhqfk upv duh qdqflqj dv pxfk lqyhvwphqw
dqg U)G rxw ri fxuuhqw uhwdlqhg surwv dv wkh X1V1 upv/ dw ohdvw dw wkh phgldq1
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eh vsuhdg ryhu vhyhudo wlph shulrgv1 Rq wkh rwkhu kdqg/ fdvk  rz vkrfnv
+hlwkhu qhjdwlyh ru srvlwlyh, zloo lpsdfw h{lvwlqj U)G sodqv udwkhu txlfno|
li wkh upv duh uho|lqj rq lqwhuqdo ixqgv iru qdqflqj wkhvh sodqv/ ohdglqj wr
lpphgldwh dgmxvwphqwv e| vorzlqj ru vshhglqj xsh{lvwlqj surmhfwv voljkwo|1
Zh rhu wklv lqwhusuhwdwlrq dv dq duhd ri glvfxvvlrq dqg ixuwkhu lqyhvwljdwlrq
udwkhu wkdq dv d up frqfoxvlrq1
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Uhihuhqfhv
Dkq/ V1 F1 dqg S1 Vfkplgw1 4<<81 H!flhqw Hvwlpdwlrq ri Prghov iru G|qdplf
Sdqho Gdwd1 Mrxuqdo ri Hfrqrphwulfv 9;/ ss1 805;1
Duhoodqr/ P1 dqg V1 U1 Erqg1 4<<41 Vrph Whvwv ri Vshflfdwlrq iru Sdqho
Gdwd= Prqwh Fduor Hylghqfh dqg dq Dssolfdwlrq wr Hpsor|phqw Htxdwlrqv1
Uhylhz ri Hfrqrplf Vwxglhv 8;/ ss1 5::05<:1
6:Duhoodqr/ P1 dqg R1 Eryhu1 4<<81 Dqrwkhu Orrn dw wkh Lqvwuxphqwdo0Yduldeoh
Hvwlpdwlrq ri Huuru0Frpsrqhqwv Prghov1 Mrxuqdo ri Hfrqrphwulfv 9;/ ss1
5<0851
Edohvwud/ S1/ dqg P1 Qhuoryh1 4<991 Srrolqj Furvv0vhfwlrq dqg Wlph0vhulhv
Gdwd lq wkh Hvwlpdwlrq ri d G|qdplf Prgho1 Hfrqrphwulfd 67/ ss1 8;809451
Ehujhu/ D1 Q1/ dqg J1 I1 Xghoo1 4<<;1 Wkh Hfrqrplfv ri Vpdoo Exvlqhvv Il0
qdqfh= Wkh Urohv ri Sulydwh Htxlw| dqg Ghew Pdunhwv lq wkh Ilqdqfldo Jurzwk
F|fohv/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh 55+90;,/ ss1 94609:61
Eoxqghoo/ U1 dqg V1 U1 Erqg1 4<<;1 Lqlwldo Frqglwlrqv dqg Prphqw Uhvwulf0
wlrqv lq G|qdplf Sdqho Gdwd Prghov1 Mrxuqdo ri Hfrqrphwulfv ;:/ ss1 4480
4761
Erqg/ V1 U1/ M1 D1 Hovwrq/ M1 Pdluhvvh/ dqg E1 Pxond|1 4<<:1 Ilqdqfldo Idfwruv
dqg Lqyhvwphqw lq Ehojlxp/ Iudqfh/ Jhupdq|/ dqg wkh XN= D Frpsdulvrq
Xvlqj Frpsdq| Sdqho Gdwd1 Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Zrun0
lqj Sdshu Qr1 8<331
Erqg/ V1 U1/ G1 Kdukr/ dqg M1 Ydq Uhhqhq1 4<<;1 Lqyhvwphqw/ U)G/ dqg
Ilqdqfldo Frqvwudlqwv lq Eulwdlq dqg Jhupdq|1 Lqvwlwxwh iru Ilvfdo Vwxglhv/
Orqgrq/ dqg ]HZ/ Pdqqkhlp/ skrwrfrslhg1
Fuhsrq/ E1/ dqg M1 Pdluhvvh1 4<<81 Wkh Fkdpehuodlq Dssurdfk wr Sdqho
G d w d 1L qO 1P d w | d vd q gS 1V h y h v w u hh g v 1 /Wkh Hfrqrphwulfv ri Sdqho Gdwd=
D Kdqgerrn ri Wkhru| zlwk Dssolfdwlrqv +fkdswhu 47,1E r v w r q =N o x z h uD f d 0
ghplf Sxeolvkhuv/ ss1 65406<41
Erxqg/ M1/ G1D1 Mdhjhu/ dqg U1P1 Ednhu1 4<<81 Sureohpv Zlwk Lqvwuxphqwdo
Yduldeohv Hvwlpdwlrq Zkhq wkh Fruuhodwlrq Ehwzhhq wkh Lqvwuxphqwv dqg wkh
Hqgrjhqrxv H{sodqdwru| Yduldeoh lv Zhdn1 Mrxuqdo ri wkh Dphulfdq Vwdwlv0
wlfdo Dvvrfldwlrq/ <3+763,/ ss1 77607831
Fkdpehuodlq/ J1 4<;51 Pxowlyduldwh Uhjuhvvlrq Prghov iru Sdqho Gdwd1 Mrxu0
qdo ri Hfrqrphwulfv 4;/ ss1 80791
Gdylgvrq/ U1/ dqg M1 PdfNlqqrq1 4<<61 Hvwlpdwlrq dqg Lqihuhqfh lq Hfrqr0
phwulfv/ R{irug= R{irug Xqlyhuvlw| Suhvv1
Hlvqhu/ U1 4<:;1 Furvv0vhfwlrq dqg Wlph Vhulhv Hvwlpdwhv ri Lqyhvwphqw Ixqf0
wlrqv1 Dqqdohv gh o*LQVHH 63264/ ss1 <<045<1
Id}}dul/ V1/J1 Kxeedug dqg E1 Shwhuvhq1 53331 Lqyhvwphqw Fdvk0Iorz Vhqvl0
wlylwlhv Duh Xvhixo= D Frpphqw rq Ndsodq dqg ]lqjdohv1 Txduwhuo| Mrxuqdo
ri Hfrqrplfv 98+5,/ ss1 9<80:391
Julolfkhv/ ]1 dqg M1 D1 Kdxvpdq1 4<;91 Huuruv lq Yduldeohv lq Sdqho Gdwd1
Mrxuqdo ri Hfrqrphwulfv 64/ ss1 <6044;1
Julolfkhv/ ]1 dqg M1 Pdluhvvh1 4<<;1 Surgxfwlrq Ixqfwlrqv = Wkh Vhdufk iru
Lghqwlfdwlrq lq V1Vwuùp hg1/ Hfrqrphwulfv dqg Hfrqrplf Wkhru| lq wkh
53wk Fhqwxu| = Wkh Udjqdu Iulvk Fhqwhqqldo V|psrvlxp1 Fdpeulgjh/Hqjodqg=
Fdpeulgjh Xqlyhuvlw| Suhvv/ ss1 49<05361 +Dovr lq ]1 Julolfkhv1 4<<;1 Sudf0
wlvlqj Hfrqrphwulfv= Hvvd|v lq Phwkrg dqg Dssolfdwlrq1 Orqgrq= Hgzdug
Hojdu/ss1 6;60744,1
6;Kdoo/ D1 U1/ J1G1 Uxghexvfk dqg G1Z1 ZLOFR[1 4<<91 Mxgjlqj Lqvwuxphqw
Uhohydqfh lq Lqvwuxphqwdo Yduldeohv Hvwlpdwlrq1 Lqwhuqdwlrqdo Hfrqrplf Uh0
ylhz/ 6:+5,/ ss1 5;605<;1
Kdoo/ E1 K1 4<<51 Lqyhvwphqw dqg Uhvhdufk dqg Ghyhorsphqw dw wkh Ilup
Ohyho= Grhv wkh Vrxufh ri Ilqdqflqj PdwwhuB Qdwlrqdo Exuhdx ri Hfrqrplf
Uhvhdufk/ Zrunlqj Sdshu Qr1 73<91
Kdoo/ E1 K1/ M1 Pdluhvvh/ O1 Eudqvwhwwhu dqg E1 Fuhsrq1 4<<<1 Grhv Fdvk Iorz
Fdxvh Lqyhvwphqw dqg U)G= Dq H{sorudwlrq Xvlqj Sdqho Gdwd iru Iuhqfk/
Mdsdqhvh/ dqg Xqlwhg Vwdwhv Vflhqwlf Ilupv1 Lq G1 Dxguhwvfk dqg U1 Wkxuln/
hgv1/ Lqqrydwlrq/ Lqgxvwu| Hyroxwlrq/ dqg Hpsor|phqw1 Fdpeulgjh/ Hqjodqg=
Fdpeulgjh Xqlyhuvlw| Suhvv/ ss1 45<04891
Kdoo/ E1 K1/ dqg F1 Fxpplqv1 4<<<1 WVS Xvhu*v Jxlgh1 Sdor Dowr= WVS
Lqwhuqdwlrqdo1
Kdqvhq/ O1 S1 4<;51 Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrg ri Pr0
phqwv Hvwlpdwruv1 Hfrqrphwulfd 83/ ss1 435<043871
Kdukr/ G11 4<<:1 Duh Wkhuh Ilqdqflqj Frqvwudlqwv iru U)G dqg Lqyhvw0
phqw lq Jhupdq Pdqxidfwxulqj Ilupv1 Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxhv
7<283/ ss1 75407891
Klpphoehuj/ F1 dqg E1 Shwhuvhq1 4<<71 U)G dqg Lqwhuqdo Ilqdqfh= D Sdqho
Vwxg| ri Vpdoo Ilupv lq Kljk0Whfk Lqgxvwulhv1 Uhylhz ri Hfrqrplfv dqg
Vwdwlvwlfv :9+4,/ ss1 6;084
Khqgu|/ G1/ D1 Sdjdq/ dqg G1 Vdujdq1 4<;71 G|qdplf Vshflfdwlrq1 Lq ]1
Julolfkhv dqg P1 G1 Lqwuloljdwru/ hgv1/ Kdqgerrn ri Hfrqrphwulfv +Yro1 LL,1
Dpvwhugdp=1 Qruwk0Kroodqg1
Kxeedug/ U1 J1 4<<;1 Fdslwdo0Pdunhw Lpshuihfwlrqv dqg Lqyhvwphqwv/ Mrxu0
qdo ri Hfrqrplf Olwhudwxuh 69/ ss1 4<605581
Ndsodq/ V1 Q1/ dqg O1 ]lqjdohv1 4<<:1 Gr Lqyhvwphqw Fdvk0Iorz Vhqvlwlyl0
wlhv Surylgh Xvhixo Phdvxuhv ri Ilqdqflqj FrqvwudlqwvB Txduwhuo| Mrxuqdo ri
Hfrqrplfv 95+4,/ ss1 49<05491
Ndsodq/ V1 Q1/ dqg O1 ]lqjdohv1 53331 Lqyhvwphqw Fdvk0Iorz Vhqvlwlylwlhv Duh
qrw Ydolg Phdvxuhv ri Ilqdqflqj Frqvwudlqwv Txduwhuo| Mrxuqdo ri Hfrqrplfv
98+5,/ ss1 :3:0:451
Odpehuw/ M10S1/ dqg E1 Pxond|1 4<<31 Lqyhvwphqw lq d Glvhtxloleulxp Prgho
ru Grhv Surwdelolw| Uhdoo| PdwwhuB Lq M1 Mdvnrog0Jdev}hzlf}/ M10I1 Ulfkdug
dqg O1 D1 Zrovh|/ hgv1/ Hfrqrplf Ghflvlrq0Pdnlqj= Jdphv/ Hfrqrphwulfv
dqg Rswlplvdwlrq1 Frqwulexwlrqv lq Krqrxu ri Mdftxhv K1 Guë}h1 Dpvwhu0
gdp=1 Qruwk0Kroodqg1
Pdluhvvh/ M1 dqg E1 K1 Kdoo1 4<<91 Hvwlpdwlqj wkh Surgxfwlylw| ri Uhvhdufk
dqg Ghyhorsphqw lq Iuhqfk dqg Xqlwhg Vwdwhv Pdqxidfwxulqj Ilupv= Dq H{0
sorudwlrq ri Vlpxowdqhlw| Lvvxhv zlwk JPP1 Lq E1 ydq Dun/ E1 dqg N1 Zdjqhu/
hgv1/ Lqwhuqdwlrqdo Surgxfwlylw| Glhuhqfhv/ Phdvxuhphqw/ dqg H{sodqdwlrqv1
Dpvwhugdp= Hovhylhu0Qruwk Kroodqg/ ss1 5;806481
6<Pdluhvvh/ M1/ E1 K1 Kdoo dqg E1 Pxond|1 4<<<1 Ilup0Ohyho Lqyhvwphqw lq Iudqfh
dqg wkh Xqlwhg Vwdwhv= Dq H{sorudwlrq ri Zkdw Zh Kdyh Ohduqhg lq Wzhqw|
\hduv1 Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxhv 88089/ ss1 5:09:1
Pdolqydxg/ H1 4<;:1 Fdslwdo surgxfwli/ lqfhuwlwxgh hw surwdelolwì1 Dqqdohv
g*Hfrqrplh hw Vwdwlvwltxhv 8/ ss1 40691
Qhovrq/ F1 U1 dqg U1 Vwduw}1 4<<31 Wkh Glvwulexwlrq ri wkh Lqvwuxphqwdo
Yduldeohv Hvwlpdwruv dqg lwv w0Udwlr Zkhq wkh Lqvwuxphqw Lv d Srru Rqh1
Mrxuqdo ri Exvlqhvv 96/ ss1 V4580V4731
Qlfnhoo/ V1 4<;41 Eldvhv lq G|qdplf prghov zlwk Il{hg Hhfwv1 Hfrqrphwulfd
7</ ss1 46<<047491
Rxgl}/ J1 4<:;1 Lqyhvwphqw Ehkdylru ri Iuhqfk Lqgxvwuldo Ilupv= D Vwxg| rq
Orqjlwxglqdo Gdwd1 Dqqdohv gh o*LQVHH 63264/ ss1 84408741
Vkhd/ M1 4<<:1 Lqvwuxphqw Uhohydqfh lq Pxowlyduldwh Olqhdu Prghov= d Vlpsoh
Phdvxuh1 Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :<+5,/ ss1 67;06851
Vfkldqwduhool / I1 4<<91 Ilqdqfldo Frqvwudlqwv lq Lqyhvwphqw= Phwkrgrorjlfdo
Lvvxhv dqg Lqwhuqdwlrqdo Hylghqfh1 R{irug Uhylhz ri Hfrqrplf Srolf| 45+5,/
ss1 :30;<1
Vwdljhu/ G dqg M1K1 Vwrfn/ 4<<:1 Lqvwuxphqwdo Yduldeohv zlwk Zhdn Lqvwux0
phqwv1 Hfrqrphwulfd 98/ ss1 88:08;91
Dsshqgl{ D= Wkh Dffhohudwru Surw Prgho
Vwduwlqj zlwk htxdwlrq +6,/ zlwk fdvk  rz whupv dgghg dqg xvlqj wkh lqyhvw0
phqw udwlr dv d sur{| iru wkh qhw jurzwk udwh ri fdslwdo vwrfn +vhh BB,/ zh
rewdlq wkh iroorzlqj dffhohudwru0surw prgho +DSP, iru lqyhvwphqw=
Llw
Nl>w￿4
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Qrwh wkdw wkh up0vshflf hhfwv l kdyh ehhq uhpryhg e| wklv glhuhq0
wldwlrq/ dqg wkh wlph gxpplhv gw @ w15< Qrwh dovr wkdw li zh dvvxph wkdw
wkh glvwxuedqfhv %lw lq wkh ohyho vshflfdwlrq iroorz d zklwh0qrlvh surfhvv/
2b Wkh dohuw uhdghu zloo qrwh wkdw wkh ghsuhfldwlrq udwh B uhpdlqv lq sulqflsoh d
vrxufh ri dgglwlyh glhuhqfhv dfurvv upv lq wkh htxdwlrq/ hyhq diwhu glhuhqwl0
dwlrq/ gxh wr wkh xvh ri wkh jurvv lqyhvwphqw udwh U*g udwkhu wkdq wkh qhw udwh
{& +' U*g 3 B,1
73wkh glvwxuedqfhv %lw lq wkh uvw0glhuhqfhg dffhohudwru0surw prgho iroorz
PD+4, surfhvv1
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Dsshqgl{ E= Ghvfulswlrq ri wkh Gdwd
Doo wkh gdwd iru wkh X1V1 upv duh gudzq iurp wkh 4<<8 Vwdqgdug ) Srru
hglwlrq ri Frpsxvwdw +wkh dfwlyh dqg uhvhdufk ohv iru Dqqxdo Lqgxvwuldo
dqg Ixoo Fryhudjh upv zhuh phujhg xvlqj erwk wkh fxuuhqw 4<:904<<8 ohv
dqg wkh klvwrulfdo 4<8:04<:9 ohv,1 Ilupv wkdw duh lqfrusrudwhg lq d iruhljq
frxqwu| dqg zkroo|0rzqhg vxevlgldulhv zhuh ghohwhg1 Doo upv duh sxeolfo|0
wudghg rq X1V1 vwrfn pdunhwv1 Iru pruh ghwdlov vhh KDOO ^4<<3`1
H{fhsw iru U)G/ wkh gdwd iru Iuhqfk upv duh gudzq iurp wkh VXVH
gdwdohv ri LQVHH/ zklfk jlyh wkh edodqfh vkhhwv dqg lqfrph dffrxqwv ri
doo upv zlwk pruh wkdq 53 hpsor|hhv lq doo lqgxvwulhv vlqfh 4<:;1 Wkhvh
duh froohfwhg iurp wkh vfdo vwdwhphqwv ri wkh upv frqfhuqhg +ELF, dqg
wkhlu dqvzhuv wr wkh up dqqxdo vxuyh|v +HDH,1 Prvw ri wkh upv duh qrw
sxeolfo|0wudghg1 Wkh gdwd rq U)G frphv iurp wkh dqqxdo vxuyh|v rq up
U)G h{shqglwxuhv shuiruphg e| wkh Plqlvwu| ri Uhvhdufk/ zklfk kdyh ehhq
pdwfkhg zlwk wkh VXVH ohv ryhu wkh shulrg 4<:704<<61 Wklv doorzhg xv wr
glvwlqjxlvk ehwzhhq U)G dqg qrq U)G upv/ dqg iru wkh iruphu wr
nqrz wkh klvwru| ri wkhlu U)G lqyhvwphqw +zlwk srvvleo| }hur dprxqwv lq
vrph |hduv,1 Wkh txdolw| ri wkh glvwlqfwlrq ehwzhhq wkh wzr w|shv ri upv dqg
ri rxu phdvxuh ri U)G wkxv ghshqgv rq wkh fryhudjh ri wkh dqqxdo vxuyh|v
dqg dffxudf| ri wkh uhsruwhg U)G qxpehuv> erwk vhhpv idluo| jrrg1
Rxu vdpsohv duh edodqfhg vdpsohv uhvwulfwhg wr wkh Pdqxidfwxulqj upv
zklfk zhuh suhvhqw iru wkh zkroh shulrg 4<:<04<<6 dqg iru zklfk doo wkh
qhfhvvdu| lqirupdwlrq rq wkh yduldeohv ri rxu dqdo|vlv zdv dydlodeoh lq doo
iwhhq |hduv/ diwhu vrph suholplqdu| fohdqlqj ri rxwolhuv1 Edvlfdoo| zh kdyh
wulpphg rxu nh| udwlr yduldeohv +L2N/ N2V/ v/ FI2N dqg RSLQF2N,/ vr
wkdw rqh shufhqw ri wkh revhuydwlrqv lq wkh wdlov ri hdfk ri wkhp zhuh uhpryhg1
Wkh up yduldeohv zh xvh lq rxu dqdo|vlv duh ghqhg lq wkh iroorzlqj zd|=
 V lv wkh wrwdo vdohv +ru wxuqryhu, gh dwhg e| surgxfwlrq sulfh lqglfhv dw d
frpsdudeoh wzr0gljlw ohyho lq wkh wzr frxqwulhv +h{suhvvhg lq 4<;8 ploolrqv
ri grooduv ru Iuhqfk iudqfv= P' ru PI,1
 H lv wkh dyhudjh qxpehu ri hpsor|hhv gxulqj wkh |hdu lq wkrxvdqgv iru XV
dqg dw wkh hqg ri wkh |hdu iru Iudqfh1
74 L lv wkh lqyhvwphqw lq {hg dvvhwv gh dwhg e| dq ryhudoo sulfh lqgh{ iru
lqyhvwphqw SL lq Pdqxidfwxulqj lqgxvwulhv +h{suhvvhg lq 4<;8 ploolrqv ri
grooduv ru Iuhqfk iudqfv= P' ru PI,1 SL lv wkh sulfh lqgh{ iurp wkh qdwlrqdo
dffrxqwv1
 UG lv wkh Uhvhdufk dqg Ghyhorsphqw +U)G, h{shqglwxuhv gh dwhg e| dq
ryhudoo sulfh lqgh{ iru U)G SUG lq Pdqxidfwxulqj lqgxvwulhv +h{suhvvhg
lq 4<;8 ploolrqv ri grooduv ru Iuhqfk iudqfv= P' ru PI,1 SUG lv frpsxwhg
rq wkh edvlv ri ri wkh ryhudoo ghfrpsrvlwlrq ri U)G h{shqglwxuhv lq zdjhv/
pdwhuldov dqg lqyhvwphqw lq htxlsphqw/ dqg ri wkh qdwlrqdo dffrxqwv sulfh
lqglfhv iru wkhvh wkuhh frpsrqhqwv1
 FI lv wkh diwhu0wd{ fdvk  rz + Qhw surw soxv ghsuhfldwlrq doorzdqfhv,/
gh dwhg dv vdohv +h{suhvvhg lq 4<;8 ploolrqv ri grooduv ru Iuhqfk iudqfv= P'
ru PI,1 Lw lv dovr htxdo wr wkh rshudwlqj lqfrph yduldeoh +RSLQF,/ soxv
qhw qdqfldo surwv/ soxv qhw h{wudruglqdu| lwhpv/ plqxv surw wd{hv1
 N lv wkh qhw sk|vlfdo ru {hg fdslwdo vwrfn dw wkh hqg ri wkh |hdu +h{0
suhvvhg lq 4<;8 ploolrqv ri grooduv ru Iuhqfk iudqfv= P' ru PI,1 Lw lv frp0
sxwhg e| wkh vr0fdoohg shupdqhqw lqyhqwru| phwkrg zlwk d frqvwdqw udwh
ri ghsuhfldwlrq  zkhuh Nw @+ 4,Nw￿4.Lw1Z hk d y hd g r s w h gd qd y h u d j h
ydoxh ri ;( iru  dqg xvhg dv wkh ehqfkpdun ydoxh iru wkh fdslwdo vwrfn
Nw3 lq wkh uvw |hdu wkh qhw errn ydoxh ri wkh up {hg dvvhwv diwhu vrph
dgmxvwphqw iru klvwrulfdo lq dwlrq +edvhg rq dq hvwlpdwh ri wkhlu dyhudjh
djh,1
 J lv wkh qhw U)G ru nqrzohgjh fdslwdo vwrfn dw wkh hqg ri wkh |hdu
+h{suhvvhg lq 4<;8 ploolrqv ri grooduv ru Iuhqfk iudqfv= P' ru PI,1 Olnhzlvh
N/ lw lv frpsxwhg e| wkh shupdqhqw lqyhqwru| phwkrg zlwk d frqvwdqw udwh
ri ghsuhfldwlrq 
3 zkhuh Jw @+ 4 ,UGw￿4 . UGw1Z hk d y hd g r s w h gd q
dyhudjh ydoxh ri 48( iru 
3 dqg frqvwuxfwhg d ehqfkpdun ydoxh iru wkh
fdslwdo vwrfn Jw3 l qw k h u v w| h d u+ 4 < : < ,x v l q jd o ow k hd y d l o d e o hs u h v d p s o h
klvwru| rq up U)G +srvvleo| dv idu dv 4<8; iru wkh X1V1 exw rqo| 4<:7
iru Iudqfh,1
Dsshqgl{ F= Frpsdulqj Zlwklq dqg JPP Hvwlpdwhv
Wdeohv 46 wkurxjk 49 suhvhqw wkh hvwlpdwlrq uhvxowv wkdw zh rewdlqhg vhsd0
udwho| iru wkh lqyhvwphqw dqg U)G htxdwlrqv +8, lq wkh wzr frxqwulhv/ xvlqj
wkh irxu iroorzlqj phwkrgv ri hvwlpdwlrq= wrwdo +srrohg ohdvw vtxduhv,/ zlwklq
+srrohg ohdvw vtxduhv lqfoxglqj up {hg hhfwv,/ uvw glhuhqfhg0JPP +uvw
glhuhqfhg htxdwlrqv lqvwuxphqwhg e| odjjhg ohyhov,/ dqg v|vwhp0JPP +uvw
glhuhqfhg JPP vxssohphqwhg e| wkh ohyho htxdwlrqv lqvwuxphqwhg e| rqh
odjjhg uvw glhuhqfhv,1 Doo irxu w|shv ri hvwlpdwlrq duh shuiruphg lqfoxglqj
75|hdu gxpplhv dqg wkh wrwdo hvwlpdwhv dovr lqfoxgh lqgxvwu| gxpplhv dw wkh 50
gljlw ohyho1 Wkh lqvwuxphqwv xvhg iru JPP rq wkh uvw glhuhqfhg htxdwlrqv
duh wkh orj fdslwdo vwrfn/ orj vdohv/ dqg fdvk rz udwh/ doo odjjhg 5 wkurxjk
7 |hduv +h{fhsw iru wkh X1V1 lqyhvwphqw htxdwlrq zkhuh wkh| duh rqo| odjjhg
6 dqg 7 |hduv,1 Iru wkh v|vwhp JPP/ wkh ohyho htxdwlrqv duh lqvwuxphqwhg
e| wkh uvw glhuhqfhv ri orj fdslwdo/ orj vdohv/ dqg wkh fdvk rz0fdslwdo vwrfn
udwlr/ doo odjjhg rqh |hdu +dqg odjjhg 5 |hduv lq wkh fdvh ri X1V1 lqyhvwphqw,1
Wkh ydolglw| ri wkh lqvwuxphqwv lv dffhswhg lq wkh fdvh ri wkh wzr JPP
hvwlpdwruv/ erwk e| wkh Vdujdq whvw ri ryhulghqwli|lqj uhvwulfwlrqv dqg wkh
dssursuldwh Odjudqjh Pxowlsolhu whvw +iru vhuldo fruuhodwlrq ri rughu 5,/ zlwk
wkh rqo| h{fhswlrq ri wkh v|vwhp JPP iru X1V1 lqyhvwphqw1 Qrwh/ krzhyhu/
wkdw wkh ydolglw| ri wkh dgglwlrqdo ruwkrjrqdolw| frqglwlrqv lpsolhg e| wkh
v|vwhp JPP +dvvxplqj wkdw ri wkh ruwkrjrqdolw| frqglwlrqv ri wkh uvw gli0
ihuhqfhg JPP, lv dffhswhg e| wkh glhuhqfhg0Vdujdq whvwv rqo| iru U)G
lq Iudqfh1 Krzhyhu/ lw dsshduv wkdw iru erwk JPP hvwlpdwruv wkh vwdqgdug
huuruv rq wkh hvwlpdwhg frh!flhqwv/ dqg hvshfldoo| wkh orqj uxq vdohv dqg fdvk
 rz sdudphwhuv/ duh yhu| odujh/ dqg wkdw wkh v|vwhp JPP lv qrw pxfk ri dq
lpsuryhphqw lq wkdw uhvshfw ryhu wkh uvw glihuhqfhg JPP1 Lw dovr dsshduv
wkdw luuhvshfwlyh ri wkhlu odujh vwdqgdug huuruv/ wkh pdjqlwxgh ri pdq| ri
wkhvh hvwlpdwhg frh!flhqwv lv txlwh lpsodxvleoh1 Doo wklv vxjjhvwv wkh suhyd0
ohqfh ri wkh zhdn lqvwuxphqwv sureohp/ dqg h{sodlqv zk| zh fkrvh lq wklv
sdshu wr irfxv rq wkh zlwklq hvwlpdwhv/ zklfk duh erwk pruh suhflvh dqg pruh
sodxvleoh +dqg zklfk lq idfw/ wdnlqj lqwr dffrxqw wkh odujh vwdqgdug huuruv ri
wkh JPP hvwlpdwhv/ duh qrw lq jhqhudo vwdwlvwlfdoo| glhuhqw iurp wkhp,1
76Wdeoh 461 Frpsdulqj Phwkrgv ri Hvwlpdwlrq iru Iudqfh 0 Lqyhvwphqw
IUDQFH 0 LQYHVWPHQW = Ghshqghqw Yduldeoh = U|*g|3￿
WRWDO ZLWKLQ JPP0GLI JPP0V\V
U|3￿*g|32 315:6 +1354, 31385 +1354, 03137; +1434, 3165< +1394,
{r| 314:6 +1348, 3149< +1349, 3139; +143;, 31673 +137:,
{r|3￿ 313:9 +1345, 31437 +1346, 313<9 +13<6, 31394 +134<,
E& 3 r|32 03134; +1336, 031493 +1346, 03143< +1365, 031397 +134<,
r|32 31333 +1334, 03137; +133;, 031377 +13:7, 3134: +1339,
$| 03138: +134;, 031396 +134:, 031479 +13;9, 031346 +13:7,
$|3￿ 313:5 +134;, 31399 +134:, 31448 +138<, 3138; +137<,
$|32 31367 +1347, 31364 +1347, 31364 +1354, 03134< +134<,
Orqj Uxq Vdohv 41353 +1384, 31:37 +1377, 318<7 +1:55, 41599 +144<,
Orqj0Uxq Fdvk0Iorz 51:99 +1<34, 31539 +143<, 31338 +1753, 316<3 +1855,
r dqg -
2 313:8< 3158<; 313:46 316789
OP Khw1 whvw 46:19 +1333, 6961: +1333,
GZ Vwdwlvwlfv 41<35 +1333, 41;9< +1333,
Vdujdq whvw +s0ydoxh, <515 +1953, 49415 +139<,
Gli1 Vdujdq whvw +s0ydoxh, 9<13 +1335,
OP4 whvw +s0ydoxh, 07185: +1333, 051<;8 +1336,
OP5 whvw +s0ydoxh, 0318;9 +188;, 031463 +1;<:,
7;9 Ilupv/ 8 ;65 Revhuydwlrqv/ Hvwlpdwlrq Shulrg = 4<;504<<61
Doo irxu w|shv ri hvwlpdwhv duh shuiruphg lqfoxglqj Wlph Gxpplhv1 Wkh wrwdo hvwl0
pdwhv dovr lqfoxgh Lqgxvwu| Gxpplhv1
JPP Iluvw0Vwhs Hvwlpdwhv1
Khwhurvnhgdvwlf0frqvlvwhqw vwdqgdug huuruv lq sduhqwkhvhv lq wkh vhfrqg froxpq iru
hdfk w|sh ri hvwlpdwlrq1
Lqvwuxphqwv iru JPP0GLI= & iurp |32 wr |3e/ r iurp |32 wr |3e/ $ iurp |32
wr | 3 e/
Lqvwuxphqwv iru JPP0V\V= & iurp | 3 2 wr | 3 e/ r iurp | 3 2 wr | 3 e/ $ iurp
| 3 2 wr | 3 e iru glhuhqfhg htxdwlrqv/ {& dw | 3 / {r dw | 3 / {$ dw | 3  iru
ohyho htxdwlrqv1
Vdujdq whvw ri Ryhulghqwlfdwlrq glvwulexwhg xqghu wkh qxoo dv 
2 zlwk <: ghjuhhv ri
iuhhgrp iru JPP0GLI/ dqg 469 ghjuhhv ri iuhhgrp iru JPP0V\V/ dqg Gli Vdujdq
whvw dv d 
2 zlwk 6< ghjuhhv ri iuhhgrp1
OPm whvw iru m0wk vhuldo dxwrfruuhodwlrq lq glhuhqfh htxdwlrq glvwulexwhg dv vwdqgdug
qrupdo xqghu wkh qxoo1
77Wdeoh 471 Frpsdulqj Phwkrgv ri Hvwlpdwlrq iru wkh X1V1 0 Lqyhvwphqw
X1V1 0 LQYHVWPHQW = Ghshqghqw Yduldeoh = U|*g|3￿
WRWDO ZLWKLQ JPP0GLI JPP0V\V
U|3￿*g|32 31574 +1354, 03133; +1354, 0313;; +143:, 31769 +13:3,
{r| 31488 +1345, 31485 +1345, 31388 +13:3, 31469 +1379,
{r|3￿ 31384 +1343, 313:4 +1343, 31348 +139:, 3137; +136;,
E& 3 r|32 031344 +1336, 03148; +1344, 0313<4 +1394, 03136; +1344,
r|32 31335 +1334, 031384 +133;, 031376 +1394, 31334 +1338,
$| 3134< +1349, 31354 +1349, 31397 +1466, 314<6 +1457,
$|3￿ 31437 +1349, 3145: +1348, 31345 +1456, 313<< +1458,
$|32 31338 +1349, 31347 +134:, 3137< +13:3, 031466 +1394,
Orqj Uxq Vdohv 41484 +138:, 319:; +136:, 31858 +1883, 4135< +145<,
Orqj0Uxq Fdvk0Iorz 441935 +61747, 41363 +14:3, 416;3 +51:9<, 714:< +51393,
r dqg -
2 313::5 316378 313:46 31739:
OP Khw1 whvw 4;513 +1333, 73:1: +1333,
GZ Vwdwlvwlfv 41<3; +1333, 41;;6 +1333,
Vdujdq whvw +s0ydoxh, :417 +14:3, 4951< +1333,
Gli1 Vdujdq whvw +s0ydoxh, <418 +1333,
OP4 whvw +s0ydoxh, 061:;4 +1333, 061::; +1333,
OP5 whvw +s0ydoxh, 051388 +1373, 051;3: +1338,
7;5 Ilupv/ 8 :;7 Revhuydwlrqv/ Hvwlpdwlrq Shulrg = 4<;504<<61
Doo irxu w|shv ri hvwlpdwhv duh shuiruphg lqfoxglqj Wlph Gxpplhv1 Wkh wrwdo hvwl0
pdwhv dovr lqfoxgh Lqgxvwu| Gxpplhv1
JPP Iluvw0Vwhs Hvwlpdwhv1
Khwhurvnhgdvwlf0frqvlvwhqw vwdqgdug huuruv lq sduhqwkhvhv lq wkh vhfrqg froxpq iru
hdfk w|sh ri hvwlpdwlrq1
Lqvwuxphqwv iru JPP0GLI= & iurp |3 wr |3e/ r iurp |3 wr |3e/ $ iurp |3
wr | 3 e/
Lqvwuxphqwv iru JPP0V\V= & iurp | 3  wr | 3 e/ r iurp | 3  wr | 3 e/ $ iurp
| 3  wr | 3 e iru glhuhqfhg htxdwlrqv/ {& dw | 3 2/ {r dw | 3 2/ {$ dw | 3 2 iru
ohyho htxdwlrqv1
Vdujdq whvw ri Ryhulghqwlfdwlrq glvwulexwhg xqghu wkh qxoo dv 
2 zlwk 94 ghjuhhv ri
iuhhgrp iru JPP0GLI/ dqg <: ghjuhhv ri iuhhgrp iru JPP0V\V/ dqg Gli Vdujdq
whvw dv d 
2 zlwk 69 ghjuhhv ri iuhhgrp1
OPm whvw iru m0wk vhuldo dxwrfruuhodwlrq lq glhuhqfh htxdwlrq glvwulexwhg dv vwdqgdug
qrupdo xqghu wkh qxoo1
78Wdeoh 481 Frpsdulqj Phwkrgv ri Hvwlpdwlrq iru Iudqfh 0 U)G
IUDQFH 0 U)G = Ghshqghqw Yduldeoh = -|*C|3￿
WRWDO ZLWKLQ JPP0GLI JPP0V\V
-|3￿*C|32 31884 +1366, 3156< +1368, 031379 +1459, 31853 +13:3,
{r| 31397 +134;, 313:8 +134:, 31467 +13:8, 3139< +1393,
{r|3￿ 31375 +1349, 313:5 +134:, 313:< +13;3, 31393 +1357,
E} 3 r|32 03133; +1335, 031473 +1348, 03154< +1395, 031364 +134:,
r|32 031337 +1334, 03137; +1348, 031457 +138;, 03133< +133<,
$| 031344 +1366, 031376 +1363, 3133< +13<8, 03133< +13<;,
$|3￿ 3139: +136;, 31385 +1366, 031377 +13;3, 3133: +13;4,
$|32 31355 +1364, 031334 +1363, 031335 +1365, 31355 +135:,
Orqj Uxq Vdohv 31735 +1565, 31987 +13;8, 31765 +15;<, 31:33 +1679,
Orqj0Uxq Fdvk0Iorz 4315;; +71<;8, 31386 +157;, 0314:3 +177;, 31988 +41;7<,
r dqg -
2 313:43 318<57 313966 319:98
OP Khw1 whvw 4<;19 +1333, 4<;15 +1333,
GZ Vwdwlvwlfv 4198; +1333, 41984 +1333,
Vdujdq whvw +s0ydoxh, 4331: +16:;, 45416 +1;46,
Gli1 Vdujdq whvw +s0ydoxh, 5319 +1<<6,
OP4 whvw +s0ydoxh, 051;54 +1338, 041457 +1594,
OP5 whvw +s0ydoxh, 041557 +1554, 041486 +157<,
547 Ilupv/ 5 35; Revhuydwlrqv/ Hvwlpdwlrq Shulrg = 4<;504<<61
Doo irxu w|shv ri hvwlpdwhv duh shuiruphg lqfoxglqj Wlph Gxpplhv1 Wkh wrwdo hvwl0
pdwhv dovr lqfoxgh Lqgxvwu| Gxpplhv1
JPP Iluvw0Vwhs Hvwlpdwhv1
Khwhurvnhgdvwlf0frqvlvwhqw vwdqgdug huuruv lq sduhqwkhvhv lq wkh vhfrqg froxpq iru
hdfk w|sh ri hvwlpdwlrq1
Lqvwuxphqwv iru JPP0GLI= } iurp |32 wr |3e/ r iurp |32 wr |3e/ $ iurp |32
wr | 3 e/
Lqvwuxphqwv iru JPP0V\V= } iurp |32 wr |3e/ r iurp |32 wr |3e/ $ iurp |32
wr | 3 e iru glhuhqfhg htxdwlrqv/ {} dw | 3 / {r dw | 3 / {$ dw | 3  iru ohyho
htxdwlrqv1
Vdujdq whvw ri Ryhulghqwlfdwlrq glvwulexwhg xqghu wkh qxoo dv 
2 zlwk <: ghjuhhv ri
iuhhgrp iru JPP0GLI/ dqg 469 ghjuhhv ri iuhhgrp iru JPP0V\V/ dqg Gli Vdujdq
whvw dv d 
2 zlwk 6< ghjuhhv ri iuhhgrp1
OPm whvw iru m0wk vhuldo dxwrfruuhodwlrq lq glhuhqfh htxdwlrq glvwulexwhg dv vwdqgdug
qrupdo xqghu wkh qxoo1
79Wdeoh 491 Frpsdulqj Phwkrgv ri Hvwlpdwlrq iru wkh X1V1 0 U)G
X1V1 0 U)G = Ghshqghqw Yduldeoh = -|*C|3￿
WRWDO ZLWKLQ JPP0GLI JPP0V\V
-|3￿*C|32 31964 +135<, 316;: +1375, 31677 +144;, 31::4 +1384,
{r| 31443 +1346, 31439 +1345, 31357 +1375, 031374 +136;,
{r|3￿ 31354 +1343, 3137: +1345, 031364 +1373, 031337 +134:,
E} 3 r|32 031346 +1335, 0313<7 +1344, 0313:8 +1367, 03133: +1346,
r|32 31334 +1334, 03134< +133:, 0313;5 +136<, 031348 +1339,
$| 31356 +1358, 31349 +135:, 31387 +13<:, 315:< +13;9,
$|3￿ 313;< +1354, 313;6 +1355, 031377 +138<, 0313<9 +139<,
$|32 031363 +134:, 031387 +134<, 031397 +1367, 0313<8 +1363,
Orqj Uxq Vdohv 41376 +1379, 31;35 +13:;, 0313<3 +187;, 041463 +71758,
Orqj0Uxq Fdvk0Iorz 91576 +41<<9, 317;4 +16<;, 031:64 +417;:, 451:63 +5814<5,
r dqg -
2 313945 318;:< 3138:8 319687
OP Khw1 whvw 6:19 +1333, :914 +1333,
GZ Vwdwlvwlfv 41<4; +1344, 41;:7 +1333,
Vdujdq whvw +s0ydoxh, <51< +1933, 48819 +1453,
Gli1 Vdujdq whvw +s0ydoxh, 951: +133<,
OP4 whvw +s0ydoxh, 071649 +1333, 041453 +1596,
OP5 whvw +s0ydoxh, 031<7: +1677, 031;:4 +16;7,
Doo irxu w|shv ri hvwlpdwhv duh shuiruphg lqfoxglqj Wlph Gxpplhv1 Wkh wrwdo hvwl0
pdwhv dovr lqfoxgh Lqgxvwu| Gxpplhv1
JPP Iluvw0Vwhs Hvwlpdwhv1
Khwhurvnhgdvwlf0frqvlvwhqw vwdqgdug huuruv lq sduhqwkhvhv lq wkh vhfrqg froxpq iru
hdfk w|sh ri hvwlpdwlrq1
669 Ilupv/ 6 ;<9 Revhuydwlrqv/ Hvwlpdwlrq Shulrg = 4<;504<<61
Lqvwuxphqwv iru JPP0GLI= } iurp |32 wr |3e/ r iurp |32 wr |3e/ $ iurp |32
wr | 3 e/
Lqvwuxphqwv iru JPP0V\V= } iurp |32 wr |3e/ r iurp |32 wr |3e/ $ iurp |32
wr | 3 e iru glhuhqfhg htxdwlrqv/ {} dw | 3 / {r dw | 3 / {$ dw | 3  iru ohyho
htxdwlrqv1
Vdujdq whvw ri Ryhulghqwlfdwlrq glvwulexwhg xqghu wkh qxoo dv 
2 zlwk <: ghjuhhv ri
iuhhgrp iru JPP0GLI/ dqg 469 ghjuhhv ri iuhhgrp iru JPP0V\V/ dqg Gli Vdujdq
whvw dv d 
2 zlwk 6< ghjuhhv ri iuhhgrp1
OPm whvw iru m0wk vhuldo dxwrfruuhodwlrq lq glhuhqfh htxdwlrq glvwulexwhg dv vwdqgdug
qrupdo xqghu wkh qxoo1
7: